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Exhibit D -- Section |
| ntroduction

SECTI ON |
| NTRODUCTI ON
Ceneral Anal ytical Schene

Exhi bit D contains procedures for sanple preparati on and anal ysis of the
target analytes. Listed belowis a sunmary of the sanple preparation
and anal ysis procedures contained in this SONand the applicable
sections:

1) Target analyte netals for analysis by ICP (Section IV, Part A),
fcsjrnace AA (Section 1V, Part B}l, and/ or flame AA (Section 1V, Part

Medi um Level aqueous sanples - Medium Level digestion
procedure (Section IIl, Part A or D);

Low Level aqueous sanples - Medium Level digestion procedure
(Section Ill, Part A or D); or Low Level digestion procedure
only if, using the nost sensitive instrunmental technique in
Exhi bit D, preconcentration is required to neet Low Level

CRQL requirements of Exhibit C (Section IIl, Part B)
Soi | / Sedi nent/ Solid sanples - (Section Ill, Part C or D);
2) Mercury in aqueous (Medium and Low) and soil/sedinment/solid
sanmples (Section 1V, Part D);
3) Cyani de in aqueous (Medium and Low) and soil/sedinent/solid
sanmpl es (Section IV, Part E);
4) Percent solids determination for target analyte netals and cyani de
(Section |V, Part F);
5) Total organic carbon in aqueous and soil/sedi nent sanples (Section
IV, Part Q;
6) Total conbustible organics in soil/sediment sanples (Section 1V,
Part H); and

7) F?ain size distribution in soil/sediment sanples (Section IV, Part

The target analyte list may be designated as all tarPet anal ytes |isted
in Exhibit C, or a subset of those analytes, and will be indicated on
t he chai n of custody acconpanyi ng each Sanple Delivery Goup (SDG .

Perm tted Methods

Any of the anal ytical methods specified in Exhibit D nay be used as |ong
as the docunented nethod detection limts achieve the Contract Required
Quantitation Limt requirenents in Exhibit C AnaIYtlcal nmet hods with
hi gher nethod detection linmts may be used only if the sanple
coPﬁegtratlon exceeds five tines the docunmented detection linmt of the
met hod.

Initial Run Undil uted

Al'l samples nust initially be run undiluted (i.e., final product of the
sanpl e preparation procedure). Wen an anal yte concentrati on exceeds
the calibrated or |iInear range (as appropriate), reanalysis for that
analyte(s) is required after appropriate dilution. The Contractor shal
use the least dilution necessary to bring the analyte(s) within the
valid anal ytical range (but not below the CRQ) and report the highest
valid value for each anal yte as measured fromthe undiluted and dil uted
anal yses. Unless the Contractor can submit proof (i.e., raw data) that
dilution was required to obtain valid results, both diluted and

undi | uted sanpl e neasurenents nust be contained in the raw data. |CP
dat a shomnnP a high concentration for a particul ar anal yte, conbi ned
with an analyte result that is close to the nmiddle range of the
calibration curve in the diluted sanple, constitute sufficient proof
that the sanple had to initially be run diluted for that ana!Yte on a
furnace AAinstrunent. Al sanple dilutions shall be nade with
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dei oni zed water appropriately acidified to maintain constant acid
strengt h.

Qual ity Assurance/ Quality Control Measurenents

The Contractor is renm nded and cautioned that Exhibit Dis a conpendi um
of required and/or pernmitted analytical methods to be used in the
performance of analyses under this contract. The quallt% )
assurance/quality control procedures or nmeasurenents to be performed in
association with these nethods or anal yses are specified in Exhibit E
In the event references to quality assurance neasurenents in anK of the
nmet hods appear to be in conflict with or to be | ess stringent than the
requi renents of Exhibit E, the requirements of Exhibit E will prevail

Raw Dat a Requi renents

The Contractor is rem nded and cautioned that the collection and
provi si on of raw data ”HK.OF may not be referred to within the

I ndi vi dual nethods of Exhibit D or the Quality Assurance Protocol of
Exhibit E. The Raw Data Deliverables requirenments are specified in
Exhi bit B, Section Il. Raw data collected and provided In association
with the performance of anal yses under this contract shall conformto
t he appropriate provisions of Exhibit B

A assware C eaning

Lab gl assware to be used in netals analysis nust be acid cl eaned
according to EPA's manual "Methods for Chemical Analysis of Water and
WAast es" or an equi val ent procedure.

St andard St ock Sol utions

Stock solutions to be used for preparing instrunent or nethod

cal i bration standards naK.be purchased or prepared as described in the
i ndi vi dual nethods of Exhibit D. Al other solutions to be used for
qual ity assurance/quality control neasurenents shall conformto the
specific requirenents of Exhibit E

Agqueous Sanpl e pH Measurenent

Bef ore sanpl e preParation is initiated on an aqueous sanple received in
shi pnent, the Contractor shall check the pH of the sanple and note in a
preparation log if the pHis <2 for a nmetals or TOC sanple, or if the pH
Is >12 for a cyanide sanple. The Contractor shall not perform any PH
adjustent action if the sanple has not been pro erlﬁ preserved. If the
sanpl e has not been properly preserved, contact the RSCC,  before
proceeding with the preparation and analysis, to informEPA of the
situation. For all sanples not properly preserved, the Contractor shal
note the problem the EPA sanple nunbers tor the affected sanpl es and
any instructions given by the Region in the SDG Narrative.
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Sanpl e M xi ng

Unl ess instructed otherwi se by the EPA, all sanples shall be mxed )

thorpugth prior to aliquoting for digestion. specific procedure is
rovi ded herein for honogenization of soil/sedinment/solid sanples;
owever, every effort should be nade to obtain a representative aliquot.

Di ssol ved Metal s

If dissolved netals anal yses are requested by the EPA, the Contractor
shall follow the instructions on the Traffic Rbport(sL regar di ng_whet her
the sanples shall be digested. |If EPA indicates on the Traffic Report
that a digestion is to be performed when analyzing field sanples for

di ssol ved netals, then the Contractor shall digest the sanples using the
procedures for total netals.

If the EPA indicates on the Traffic Report that a digestion is not to be
performed when analyzing field sanples for dissolved netals, then an
aqueous | aboratory control sanple (LCS) and a post-di gestion (hardcopy
Form 5B) spi ke sanple are not required

Background Corrections

Background corrections are required for flane AA nmeasurenents bel ow 350
nmand for all furnace AA neasurenments. For |CP background correction
requi renents, see Exhibit D Section IV, Part A

Repl i cate Injections/Exposures

Each furnace analysis requires a mnimum of two injectionsC&burns),
except for full method of standard additions (MSA). Al

nmeasurenents shall require a mnimumof two replicate exposures.
Appropriate hard copy raw data for each exposure/injection shall be

i ncluded in the data package in accordance with Exhibit B, Section I|I
The average of each set of exposures/injections shall be used for
E}andardlzatlon, sanpl e analysis, and reporting as specified in Exhibit

I nsufficient Sanple Anpunt

If insufficient sanple anount (less than 90% of the required annuntk i S
received to ﬁerfornwthe anal yses, the Contractor shall contact the RSCC
to aPpr|se them of the problem The Region will either require that no
sanpl e anal yses be perfornmed or will require that a reduced vol une be
used for the sanﬁle analysis. Al changes in the anal yses must be
preapproved by the Region | Project Oficer. The Contractor shal
docunment the Region's decision (including sanple weight/vol ume prepared
and analyzed) in the SDG Narrati ve.

Mul ti phase Sanpl es

If nultiphase sanﬁles (e.g., a tmo—Phase liquid sanple) are received by
the Contractor, the Contractor shall contact the RSCC to apprise them of
the type of sanple received. |If all phases of the sanple are anenable
%olﬁna.y5|s, the Region may require the Contractor to do one of the

ol | owi hg:
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1.13.1

M x the sanple and anal yze an aliquot fromthe honobgeni zed sanpl e.

Separate the phases of the sanple and anal yze each phase
separatelY. he RSCC wi || provide EPA sanple nunbers for the
addi ti onal phases.

SeParate t he phases and anal yze one or nore of the phases, but not
all of the phases. The RSCC will provide EPA sanple nunbers for
t he additional phases, if required.

Do not anal yze the sanple.

If all of the ﬁhases are not anenable to analysis (i.e., outside
the scope of the SOWN, then the Region may require the Contractor
to do one of the foll ow ng:

Separate the phases and anal yze the phases that are anenable to
anal ysis. The RSCC wi |l provide EPA sanple nunbers for the
addi ti onal phases, if required.

Do not anal yze the sanple.

No ot her change in the analyses will be permitted. The Contractor
shal | docunent the problem  the EPA sanpl e nunbers for the
ﬁéfecged sanmpl es and the Region's instructions in the SDG

rrative.

1.14 Percent Solids for Soil/Sedinment/Solid Sanpl es

Prior to sanple preparation and analysis, the Contractor shall deternine
the sanple's percent solids using the procedure in Section IV, Part F

1.14.2

If the percent solids of the sanple as determ ned above is greater
than 30 percent (> 30%, the Contractor shall proceed with
preparation and analysis for soil/sedinment/solid sanples as

descri bed Exhibit D.

If the percent solids of the soil/sedinent/solid sanple is |ess
than or equal to 30 percent (< 30%, then the Contractor may be
required to utilize a |arger anmount of sanple or renove the
majority of the water in accordance with Section IV, Part F. The
Regi on nay request that the sanples not be anal yzed or another
nmethod of " analysis be used.

For all sanples that do not neet the greater than 30 percent
solids (> 30%) requirenent, the Contractor shall note the

probl em the EPA sanple nunbers for the affected sanples, the
Initial and subsequent percent solid(s), and the steps taken to
achieve the dry weight requi renents including the sanple
wei ght/vol une prepared and anal'yzed, the final digestate volune,
and the Region s Instructions in the SDG Narrati ve.

1.15 |ICP Analysis

Whenever the ICP is utilized to analyze and report one or nore target
anal ytes, then alum num calcium iron, magnesium and all other

anal

ytes which were determined to be a spectral interference (as

specified in Exhibit E section 5.13) shall also be analyzed and
reported with the sanples in the SDG in accordance with the requirenents
of this contract.
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Sanpl e Preservation and Hol di ng Ti nes

SECTI ON | |

SAMPLE PRESERVATI ON AND HCOLDI NG Tl MES
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chl ori ne.

Table 1 - Sanmple Preservation and Contai ner Requirenents
Aqueous Soi | / Sedi nent/ Sol i d
Measur enent
Preservative(®? | Container® Preservative(® | Container"
Met al s HNO,, pH<2 P, G Cool, maintain P, G
at 4°C(+2°C)
until analysis
Mer cur HNO,, pHk2 P, G Cool, maintain P, G
Y P at 4°C(+2°C)
until analysis
Cyani de 0. 6g ascorbic P, G Cool, maintain P, G
acid®; NaCH to at 4°C(x2°C)
pH>12; Cool, until analysis
mai ntain at
4°C(£2°C) until
anal ysi s
Tot al HSO,, pH<2, G Cool, maintain G
Organi c cool, maintain at 4°C(x2°C)
Car bon at 4°C(x2°C) until analysis
until analysis
Total --- --- Cool, maintain G
Conbusti bl e at 4°C(x2°C)
Organi cs until analysis
Gain Size --- --- --- P, G
Di stribution
FOOTNOTES: 1 Pol yet hyl ene (P) or gl ass gca. ) )
2 Sanpl e preservation I's perfornmed by the sanpler inmediately
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Sanpl e Preservation and Hol di ng Ti nes

2.3

2.4

CONTRACT REQUI RED HOLDI NG TI MES

Anal ysi s of water and soil/sedinment/solid sanples nmust be conpl eted
within the contract required holding tinmes specified in Table 2,
Contract Required Holding Tinmes. Holding tinmes are fromthe Vali dated
Ti me of Sanpl e Receipt (VISR).

Table 2 - Contract Required Hol di ng Tines

Hol di ng Ti nes®
Measur enent Wat er Soi | / Sedi ment / Sol i d
Met al s 180 days 180 days
Mer cury 26 days 26 days
Cyani de 12 days 12 days
Total Organic Carbon 26 days 12 days
Egggkiggnbustible --- 12 days
Grain Size --- 180 days
FOOTNOTES:

(1) Holding tines are from Validated Tinme of Sanple Receipt.

As Part.of t he Agency's QA program_ the Agency may provide Perfornmance
Eval uation (PE) sanples which the Contractor is required to prepare per

the instructions provided by the Agency. The PE sanples nust be
anal yzed and reported with the sanples with which they were received.

I f sanples subnmitted for anaIKsis have exceeded hol ding tinmes and have
not yet been analyzed, then the Contractor shall contact the RSCCto
ascertain whether or not the sanples should be anal yzed. Note that this
notification requirenment in no way obviates the contractual requirenent
for the Contractor to analyze sanples within holding tinmes. |If the
Contractor is instructed to proceed with analysis outside holding tinmnes,
sanpl e Prlce may be reduced dependi ng uPon the inpact of the )
nonconpl i ance on data usability. For all sanples that exceeded hol di ng
times, the Contractor shall note the Prpblenl t he EPA sanple nunmbers for
t he a{fected sanpl es, and the Regional instructions in the SDG
narrative.

Data reported from sanpl e anal yses which were performnmed outside the
contract required holding tinmes for the requested anal ysis shall be

subj ect to a commensurate reduction in sanple price or zero paynent due
to ga}atrejectlon dependi ng upon the inpact of the nonconpliance on data
usability.
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SAMPLE PREPARATI ON

Medi um Level Digestion Pr ocedure for Aqueous Sanpl es
(Medi um and Low Level) .

Low Level Di gest i on Procedure for Aqueous Sanpl es
(Low Level)

Soi | / Sedi nent Sanpl e Di gestion Procedure

Page No.

D10

D12
D18

M crowave Di gestion Procedure for Aqueous (I\/ed| um and Low

Level ) and Soil/ Sedi nent Sanpl es

Mercury Sanpl e Preparation

Cyani de Sanpl e Preparation

Total Organic Carbon Sanple Preparation .

Total Conbustible Organics Sanple Preparation .

Grain Size Distribution Sanple Preparation
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Part A - Medium Level Digestion Procedure

1.2
1.2.1

1.

1.
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PART A - MEDIUM LEVEL DIGESTION PROCEDURE FOR AQUEOUS SAMPLES
(MEDIUM AND LOW LEVEL)

Acid Digestion Procedure for ICP, Flane AA and Furnace AA Anal yses

Scope and Application

Thi s Medi um Level digestion Procedure is an acid digestion procedure
used to prepare aqueous sanples for anal ysis using furnace atomc
absorption spect roscoPy (AAS), flame AAS, and/or Inductively coupled
pl asma spectroscogy (1CP). Samples prepared using this method may be
anal yzed using AAS and/or ICP for the followi ng target anal yte netals:

Al um num Chrom um Pot assi um
Ant i nony Cobal t Sel eni um
Arsenic Copper Silver
Barium I ron Sodi um
Beryl |ium Lead Thal | i um
Cadiri um Magnesi um Vanadi um
Cal ci um I\N/!an alnese Zinc

i cke

Application of the Medium Level Digestion Procedure:

The Medi um Level digestion procedure nust be used to digest Medium
Level aqueous sanpl es.

The Medi um Level digestion procedure nust be used to digest Low Level
aqueous sanpl es when the Low Level CRQL requirenents (Exhibit C are
achi eved using the Medium Level digestion procedure and the nost
sensitive instrunmental technique anong those specified in Exhibit D
and sanpl e preconcentration is, therefore, not required to achieve
the Low Level CRQL requirenents.

The Medi um Level digestion nethod may al so be used in the follow ng
circunstance, as specified in Part B, Section 2.3.1. For the target
analytes in the preconcentrated digestate (fromthe Low Level

di gestion) which do not require preconcentration to achieve the Low

Level C requi renents, a separate digestion may be perforned using
t he Medi um Level digestion procedure. The Contractor nust have
sufficient raw sanple in order to use this option. |If there is

i nsufficient raw sanple to digest another 100 nL sanple volune by the
Medi um Level digestion nethod, then the Contractor may digest a
reduced sanpl e volune but no |less than 50 nL. However, all reagent
vol unes used for the Medium Level digestion procedure nust also be
reduced proPprtlonat ely. The sanple shall be heated at 92-95°C for 2
hours or until the sarrPI e volune 1s reduced to approximately 25 ni.
Thie final digestate vo

vol une.

Sunmary of Met hod

ume nmust be equal to the 1nitial sanple

A 100 nL volune of well-m xed sanple is digested in nitric acid and
hydr ogen peroxide for furnace AA analysis, and/or nitric acid and
hydrochloric acid for |CP/flame AA analysis. The sarrﬁl e i s heated,
reduced to 25-50 nL, filtered, and adjusted back to the original sanple
vol ume of 100 niL.

The initial sanple volume and final digestate volume are 100 ni. Thus,
t hi s di Pest ion method results in no preconcentration or dilution of the
ori gi nal sanple.
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Part A - Medium Level Digestion Procedure

Apparatus and Materials

250 nlL beaker or other appropriate heating vesse

WAt ch gl asses

Ther monet er that covers range of 0° to 200°C

VWhat man No. 42 filter paper or equival ent

Reagent s

ASTM Type Il water (ASTM D1193): Water mnust be nonitored.
Concentrated nitric acid (sp. gr. 1.41)

Concentrated hydrochloric acid (sp. gr. 1.19)

Hydr ogen Per oxi de (30%

Sanpl e Preservation and Handli ng

Soi | / sedi ment (nonaqueous) sanples nust be refrigerated at 4°C (£2°)
fromreceipt until analysis.

Medi um Level Acid Digestion Procedure for Furnace AA Anal yses of Agueous
Sanpl es

Shake the sanple and transfer 100 nL of well-m xed sanple to a 250 nL
heati ng vesse

Add 1 mL of (1:1) HNO, and 2 nL 30% H,0, to the sanple.

Cover with a watch glass or sinmilar cover and heat on a steam bath, hot
pl ate or equival ent heating source which is adjustable and capabl e of

mai ntai ning a tenperature of 92-95°C for 2 hours or until the sanple

éolune {sbrepuced to between 25 and 50 nL. Make certain that the sanple
oes not boil.

Adj ust the

Cool the sanple and filter to renove insol uble . )
I . The sample is

sanple volune to 100 nL with deionized disti
now ready for anal ysis.

mat eri al
ed wat er

If antinmony is to be determ ned by furnace AA, use the digestate
prepared for |CP/flane AA anal ysis.

Medi um Level Acid Digestion Procedure for | CP/Flane AA Anal yses of
Agueous Sanpl es (Medium and Low Level)

Shake the sanple and transfer 100 nL of well-mixed sanple to a 250 nL
heati ng vesse

Add 2 nmL of (1:1) HNO, and 10 nL of (1:1) HO to the sample.

Cover with a watch glass or sinmilar cover and heat on a steam bath, hot
pl ate or equival ent heating source which is adjustable and capabl e of

mai ntai ning a tenperature of 92-95°C for 2 hours or until the sanple

golune {sbrePuced to between 25 and 50 nL. Make certain that the sanple
oes not boil.

Cool the sanple and filter to renove insol uble
sanpl e volune to 100 nL with deionized distil
now ready for anal ysis.

mat eri al Adj ust the
d water

e . The sanmple is
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B - Low Level Digestion Procedure

PART B - LOW LEVEL DIGESTION PROCEDURE FOR AQUEOUS SAMPLES (LOW LEVEL)

Sanpl e Digestion and Preconcentrati on Mt hod
for Low Level Agqueous Sanpl es
for Anal yses using Furnace S, Flane AAS, and/or |ICP

Scope and Application

This method is an acid digestion and preconcentration procedure used to
prepare Low Level aqueous sanples for analyses of the target analytes
usi ng furnace atom c absorption spectroscopy (AAS), flane AAS, and/or

i nductively coupl ed pl asm spectroscopg (1CP). Sanpl es ﬁrePared usi ng
this method shall be anal yzed using AAS and/or ICP for the foll ow ng
target anal ytes:

Al um num Chrom um Pot assi um
Ant i nony Cobal t Sel eni um
Arsenic Copper Silver
Barium I ron Sodi um
Beryl |ium Lead Thal | i um
Cadiri um Magnesi um Vanadi um
Cal ci um Nan apese Zinc

i cke

The Contractor shall use this Low Level digestion procedure only when
the method detection linmt (MDL) for a target analyte does not achieve
the Low Level Contract Required Quantitation Limt (CRQ) requirenents
of Exhibit C u3|ng.e|ther the Medi um Level digestion procedure (Part A)
or the mcrowave digestion procedure (Part D) and the nost sensitive

i nstrunent al technkﬂye anong those specified in Exhibit D (i.e., ICP
flame AA, furnace AA); and sanple preconcentration is, therefore,
required in order for the MDL to achieve the Low Level |
requirenents. Using this preconcentration nmethod, the maxi mum al | owabl e
preconcentration factor for the sanple digestate is four (i.e., 100 nL
Initial sanple volume and 25 nL final digestate vol une).

Usi ng the Medium Level (or microwave) digestion procedure and the

i nstrumental techniques specified in Exhibit D (i.e., ICP, flame AA

furnace AA), if the MDLs for all target analytes achieve their
respective Low Level CRQL requirenents, then the Contractor shall not
use this preconcentrati on procedure for Low Level aqueous sanples. The
Contractor shall utilize the Medium Level (or microwave) digestion
rocedure for that instrunental technique as specified in Exhibit D
eﬁtlondlll. Al QAN CQC requirenents specified in Exhibit E nust be

achi eved.

Before using this Low Level digestion procedure, the Contractor nust
first determ ne and eval uate the MDLs using the npbst sensitive
i nstrumental techni que specified in Exhibit D to determni ne whether the
Contractor can achieve the Low Level CRQL requirements without
reconcentration. Only after the Contractor determ nes that the Low
evel CRQL requirenment still cannot be achieved for a target analyte
usi ng the Medium Level (or mnicrowave) digestion procedure and the nost
sensitive instrunmental technique specified in Exhibit D, shall the
Contractor use this Low Level digestion procedure. The Contractor nust
denonstrate with their MDL studies that s do not achi eve the Low
Level CRQL requirenments (Exhibit C using the nost sensitive
i nstrumental technique in Exhibit and the Medium Level digestion
procedure. |If preconcentration is required, then the Contractor nust
al so denonstrate with their MDL studies, as specified in Exhibit E, that
the MDLs achieve the Low Level CRQL requirenments using the
preconcentration procedure.

For exanple, if the Contractor's MDL for the analysis of copper by ICP
oes not achieve the Low Level CRQL requirenents using the Medium Leve
di gestion procedure (no preconcentration), then the Contractor nust

eval uate wnether the Low Level CRQL requirenent can be achieved using

the furnace AA technique for copper, as specified in Exhibit D, and the
Medi um Level digestion procedure. |If the Contractor's MDL for the

anal ysis of copper by furnace AA (using the Medium Level digestion
procedure? al so does not achieve the Low Level CRQL requirenment, only

then shall the Contractor use the Low Level digestion method
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Exhibit D -- Section Il
Part B - Low Level Digestion Procedure

(ﬁreconcentrationz. O herw se, if coPper's MDL by furnace AA achieves
t he Low Level requi renent w thout preconcentration, then the
Contractor nust use the Medium Level (or mcrowave) digestion procedure
gzr furnace AA, and the method of analysis for copper nust be furnace

If the method detection linmt for a target anal yte does not achijeve the
Low Level CRQL requirement using the Medium Level (or m crowave)

di gestion procedure and the nost sensitive instrunmental technique
specified I1n Exhibit D, then the Contractor shall use the Low Leve

di gestion procedure only if the MDLs denobnstrate that the Low Level CRQL
requi renents are achieved using preconcentration., To minimze the
extent of the preconcentration, the Contractor shall use the
|ns}r?nental techni que which yields the owest MOL for that target

anal yte.

For exanple, the Contractor determ nes that arsenic, |ead, selenium and
thalTiumare to be anal yzed u5|nﬁ.furnace AA.  The MDLs for these

anal ytes using the furnace AA achieve the Low Level CRQ requirements
except for lead (and the |l ead MDL using | CP al so does not achieve the
CRQL criteria). Therefore, |ead requires preconcentration in order to
achieve the Low Level CRQL criteria. Because the lead MDL is |ower
u5|nP furnace AA rather than I CP, the Contractor must use the furnace AA
sanpl e di gestion and Rreconcentratlon rocedure for Low Level aqueous
sanpl es and anal yze those sanples for [ ead using furnace AA

Sunmary of Met hod

Thi s nethod contains sanpl e digestion and preconcentrati on procedures
for Low Level aqueous sanples for the furnace AA instrunental technique
and for the ICP and flane AA instrunental techniques (the same digestate
is used for both ICP and flane AA).

A wel | -mi xed 100 nL vol ume of aqueous.sanple is digested in ni
and hydrogen peroxide for anal yses using

— —+
- =
(@]
QD
O
o

o
N
Q.
o

( ur nace , and/or ni
and hydrochloric acid for analyses using ICP and/or flame AA. (NOTE: |If
antinmony is analyzed using furhace AA, then use the d|8§§tate pr epar ed
for I1CP/flanme AA anal yses, Hydrochloric acid in the ICP/flanme AA
d|gestate facilitates antinmony solubilization.) The sanple is heated,
reduced to 15-20 nL, and filtered.

The Contractor then deternines, based on the nethod detection [imts,
the preconcentration factor required to achi eve the Low Leve
criteria and, thus, the final volune to which the reduced digestate
is adjusted. The preconcentration factor for the sanple d|8estate
shal | " not exceed four, which is equivalent to an initial 100 niL
sanpl e volune and a final digestate volune of 25 nL.

For those target analytes in the preconcentrated di gestate which do not
require preconcentration to achieve the Low Level CECL requi renents, the
gbgtaactgrzsgagl follow one of two options as specified in Sections

.3.1 and 2.3.2.
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B - Low Level Digestion Procedure

tion One: For the target analytes in the preconcentrated digestate
ich do not require preconcentration to achieve the Low Leve
criteria, a separate digestion is performed using the Medi um Level

di gestion procedure specified in Exhibit D, Section Ill. The
Contractor nust have sufficient raw sanple in order to use this
option. |If there is insufficient raw sanple to di gest another 100 nL

sanpl e vol ume by the Medium Level digestion nethod, then the
Contractor may digest a reduced sanple volune but no | ess than 50 ni.
However, all reagent volunmes used for the Medium Level digestion
rocedure nust also be reduced proportionately. The sanmple shall be
eated at 92-95°C for 2 hours or until the sanple volunme is reduced
to approximately 25 nL. The final digestate volune nust be equal to
the initial sanple vol une.

Option Two: An aliquot of the preconcentrated digestate is further
adjusted to final volune so that there is no preconcentration (or
dilution) of the original sanple for those target anal ytes which do
not require preconcentration to achieve the Low Level CRQL criteria.
(There is no dilution of the initial 100 nlL sanple vol unme when using

this procedure.)

The Contractor is cautioned that preconcentrating the sanple al so
concentrates the matrix and interferences. To reduce the effects of the
matrix and i nterferences when preconcentration is required, the
Contractor shall use the |owest allowable preconcentration factor
necessary to achieve the Low Level CRQL criteria for all target anal ytes
using the nost sensitive instrunental technique.

The Contractor nust denonstrate that, using the Low Level )
preconcentrati on procedure, the Contractor is capable of neeting all QC
requi renents as specified in Exhibit E including denonstrating that

bl ank contami nation | evels are not exceeded. The Contractor nmay need to
Ftllize hi gher purity reagents in order to reduce bl ank contam nation
evel s.

Apparatus and Materials

250 nlL beaker or other appropriate heating vesse

WAt ch gl asses

Heati ng vessel capable of naintaining tenperatures of 92-95°C
Thermoneter that covers a tenperature range of 0-200°C

VWhat man No. 42 filter paper or equival ent

Reagent s

ASTM Type |1 Water (ASTM D1193): water nust be nonitored
Concentrated nitric acid (HNOy) (sp. gr. 1.41)

Concentrated hydrochloric acid (HO) (sp. gr. 1.19)

Reagent grade hydrogen peroxi de (HG) (30%

NOTE: If significant levels of inpurities are detected in the bl anks,
use of higher purity reagents is recomended.

Sanpl e Preservation and Handli ng

Aqueous sanples are preserved with nitric acid to a pHless than 2 by
t he sanpl er i medi ately upon sanple collection

Low Level Digestion Procedure for Low Level Agueous Sanpl es

Low Level Acid Digestion and Preconcentration Procedure for Furnace AA
Analysis of Low Level Aqueous Sampl es

Shake t he sangle and quantitatively transfer 100 nL of the well-mn xed
sanple to a 250 nL heating vessel. Add 1 nL of (1+1) HNO, and 2 nL
of 30% H,0, to the sanple. Cover with a watch glass or simlar cover
and heat for 2 hours on a steam bath, hot plate or equival ent heating
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source which is adjustable and capable of maintaining a tenperature
of 92-95°C or until the sanple volune is reduced to approxinately 15-
20 mL. Make certain the sanple does not boil or the sanple is not
reduced to below 15 nL. Cool the reduced sanple and_quantitatively
filter the digestate to renove insoluble material. The Contractor’s
net hod detectiron limts will then determine the volunme to which the
reduced digestate will be adjusted as described in Section 6. 3.

NOTE: If antinmony is to be determined by furnace AA, use the
di gestate prepared for |1CP/flane AA analysis.

6.2 Low Level Acid Digestion and Preconcentration Procedure for |CP/Flane AA

Anal yses of Low Level Aqueous Sampl es

6.2.1

Shake the sanple and quantitatively transfer 100 nL of the well-m xed
sanple to a 250 nL heating vessel. Add 2 nL of (1+1) HNO, and 3 nL
of (1+1) HA to the sanple. Cover with a watch glass or simlar
cover and heat for 2 hours on a steam bath, hot plate or equival ent
heati ng source which is adjustable and capable of maintaining a
tenperature of 92-95°C or until the sanple volune is reduced to
between 15-20 nL. Make certain the sanple does not boil or the
sanple is not reduced to below 15 nL. Cool the reduced sanple and
%uant|tat|vely filter the digestate to renpve insol uble naterial

he Contractor's nethod detection limts will then determ ne the
golgne tg ghlch the reduced digestate is adjusted as described in

ection 6. 3.

6.3 Adj usting the Reduced Digestate to Final Volune for |CP/Flane AA and

Fur nace AA

6.3.1

6.3.2

6.3.4

6.3.4.1

Once the reduced digestate from Sections 6.1 or 6.2 is cooled and
filtered, the Contractor shall adjust the reduced digestate based on
the Contractor's MDLs. The Contractor shall use the | owest )
preconcentrati on factor necessary in order for the MDLs to achieve
the Low Level CRQL criteria for all target_anathes usi ng the nost
sensitive instrunental technique provided in Exhibit D (r.e., I1CP
flanme AA, furnace AA)

Only preconcentration factors of 1.0, 2.0 and 4.0 are pernmitted (a
preconcentration factor of one is equivalent to no preconcentration
and a preconcentration of three would result in the nmeasurenent of .
fractional volumes). Based on an initial 100 nL sanple volunme, this
is equivalent to final adjusted digestate volunmes of 100 mL, 50 ni,
and 25 nL, respectively. "~ The preconcentration factor is cal cul ated
usi ng Equation 1:

EQ 1

Preconcentration = Initial Sanple Vol ume
Fact or Fi nal Di gestate Vol une

The preconcentration factor in Equation 1 shall be either 1.0
(equi val ent to no preconcentration), 2.0, or 4.0, and shall not
exceed a factor of 4.0.

m Sections 6.1 or 6.2) with
nal preconcentrated di gestate

Adj ust the reduced digestate ( m
t I

estate is ready for analysis for

re

n

f
distilled deionized water to th
volume. This preconcentrated d
t hose target anal ytes which req
Calibration standards nmust cont
sanpl es.)

a preconcentration step. (Note:

o]
i
in the sanme acid strength as the

r
e
i

u
a

For target analytes which do not require preconcentration (because
the MDLs for the nost sensitive instrumental technique achieve the
Low Level CRSL criteria), but for which a digestate preconcentration
was perforned (because at |east one of the target analytes in that

di gestate required preconcentration in order to achieve the Low Leve
CREL_crlterla), the Contractor shall use one of the two options
specified in Sections 6.3.4.1 and 6. 3. 4. 2.

Option One: For the target analytes in the preconcentrated

di gestate which do not require preconcentration to achieve the Low
Level CRQL criteria, a separate digestion shall be perforned using
t he Medi um Level (or mcrowave) digestion procedure specified in
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Exhibit D, Section Ill. The Contractor nust have sufficient raw
sanple in order to use option one. |If there is insufficient raw
sanpl e to di gest another 100 niL sanple volume by the Medium Level
di gestion nmethod, the Contractor may digest a reduced sanple
volune, but no |less than 50 nL. However, all reagent vol unes used
for the Medium Level digestion procedure nust also be reduced

roportionately. The sanple shall be heated at 92-95°C for 2

ours or until the sanple volunme is reduced to 15-25 nL. The
final digestate volume nmust be equal to the initial sanple vol une.

.2 Option Two: Take an aliquot of the final preconcentrated )
di gestate volune from Section 6.3.3 and adjust the digestate with
distilled deionized water to the volume which will result in a
preconcentration factor of 1 (equivalent to no preconcentration of
the sanple). Determnmine the aliquot and final volunes which will
result 1n a preconcentration factor of 1 using Equation 2:

EQ 2,

wher e,

V; = final volume to which the aliquot is adjusted

V; = volune of aliquot taken fromfinal preconcentrated
di gestate (Section 6.3.3)

V. = inrtial sanple volunme (100 nL) ) )

Vpre= volune of final grecpncentrated digestate (i.e., 25,
50, or 100 nL) (Section 6.3.3)

PF = Preconcentration Factor

For exanple, the Contractor deternines that arsenic, |ead, ]
selenium and thalliumare to be anal yzed using furnace AA. Wth
the exception of |ead, the MDLs for these anal ytes using furnace
AA and no preconcentration achieve the Low Level CRQL criteria.
The Contractor perforns a 2x preconcentration on the furnace AA
digestate in order to achieve the Low Level CRQL criteria for
lead. Thus, the reduced digestate is adjusted to a fina
preconcentrated di gestate volume of 50 nL. The fina
preconcentrated digestate is ready for |ead analysis. Because a
preconcentrati on was not required to achieve the Low Level C
criteria for the other analytes (As, Se, Tl), 25 nL of the fina
preconcentrat ed d|?estate (of which there is 50 nLL is aliquoted
and adjusted to a final volume of 50 nL (25 nmL x PF, or 25 nL x
ZL, resulting in a final preconcentration factor of 1 for these
three analytes. Any final volunme greater than 50 nL woul d have
resulted in a preparation dilution of the raw sanple which is not
permitted. The aliquot of the preconcentrated digestate shall be
adju?ted to volume such that there is no dilution of the raw
sanpl e.

The final prepared digestates that are ready for analysis shall have
preconcentration factors of 1.0, 2.0, or 4.0, and shall not result in
a dilution of the raw sanple for any target anal yte.
CALCULATI ONS
The concentrations determned in the sanples and reported as specified
in Exhibit B shall be corrected for all preconcentration factors
according to Equation 4.
EQ 4.

Sanpl e ) = | nstrunment reading, pa/lL
Concentration, pg/L Preconcentration Factor

Note that the preconcentration factor shall be either 1.0 (equivalent to
no preconcentration), 2.0, or 4.0

For every sanple, analyte, and preconcentration factor, the raw data
nmust clearly docunment how each sanple result was obtai ned fromthe raw
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data result (instrunent reading), and how the preconcentration factor
was cal cul ated. Al preconcentration factors nmust be provided in the
exanpl e cal cul ati ons.

The Contractor shall docunent on the sanple Preﬁgration | ogbooks the
specific digestion procedure (i.e., Low Level, Medium Level) used for
each sanple and target analyte as well as all initial, internmediate, and
final sanple preparation volunes. The Contractor shall docunment in the
raw data all aliquot volunmes used to make up the dilution factors and
preconcentration factors for each target analyte in each sanple.

As part of the deliverable (Exhibit B), the Contractor shall submt
docunent ati on showi ng that, for each tarPet analyte that required
preconcentration to achieve the Low Level CRQL criteria, the npst
sensitive instrumental technique (anong those listed in Exhibit D) and

t he Medi um Level digestion procedure was utilized before using the Low
Level digestion procedure (see Section 1.4). For each target analyte
that required preconcentration, the Contractor nmust subnmit the analyte's
MDLs (Form X) using the nost sensitive instrumental technique specified
in Exhibit D for that analyte and the Medi um Level digestion procedure,
even if sanples were not ahalyzed using that particular instrunenta
techni que for that analyte. he preconcentration factor for_ each target
%nalyte shal | be docunmented on Fornms | and XIV as described in Exhibit
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PART C - SOIL/SEDIMENT/SOLID SAMPLE DIGESTION PROCEDURE
Acid Digestion Procedure for ICP, Flane AA and Furnace AA Anal yses

Scope and Application

This nethod is an acid di Pest i on procedure used to prepare soil, )
sedi ment, and sludge sanples for analysis using flanme atom c absorption
spectroscopy (AAS), furnace AAS, and/or inductively coupled plasnma
spectroscopy (1CP). Sanples PrFPar ed by this nmethod may be anal yzed

o]

usi ng AAS and/or 1CP for the owi ng target anal ytes:
Al um num Chrom um Pot assi um
Ant i nony Cobal t Sel eni um
Arsenic Copper Silver
Barium I ron Sodi um
Beryl |ium Lead Thal | i um
Cadiri um Magnesi um Vanadi um
Cal ci um I\N/!an alnese Zi nc

i cke

Sunmary of Met hod

Al g (wet weight) anount of well-m xed sanple is digeste ) i
acid and hydrogen peroxide. The digestate is then refluxed with either
nitric acid or hydrochloric acid. drochloric acid is used as the
final reflux acid for the furnace AA analysis of Sb and the flame AA and
| CP anal ysis of Al, As, Sb, Ba, Be, Ca, Cd, C, Co, Cu, Fe, Pb, h@, Vn,
EU |Em
e

ted in nitric

Ni, K Se, Ag, Na, Tl, Vand Zn. Ntric acid is enployed as th

reflux acid for the furnace AA analysis of As, Be, Cd, C, Co, , ,
Pb, Wi, Ni, Se, Ag, T1, V, and Zn. " A separate sanple shall be dried for
a percent solids determ nation (Section |V, Part F).

Apparatus and Materials

250 nlL beaker or other appropriate heating vessel

Wat ch gl asses

Ther monet er that covers range of 0° to 200°C

VWhat man No. 42 filter paper or equival ent

Reagent s

ASTM Type |1 water (ASTM D1193): Water nust be nonitored.
Concentrated nitric acid (sp. gr. 1.41)

Concentrated hydrochloric acid (sp. gr. 1.19)

Hydr ogen Per oxi de (30%

Sanpl e Preservation and Handl i ng

Soi | / sedi ment (nonaqueous) sanples nust be refrigerated at 4°C (£2°)
fromthe tine of receipt until analysis.
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6.0 Pr ocedur e

Prior to sanple digestion, the percent solids of the soil/sedi ment
sanpl e must be determi ned in accordance with Section IV, Part F and the
approprlate/procedures must be followed for percent solids |ess than or
equal to 30%

6.1 M x the sanple thoroughly to achieve honogeneity. For each digestion
procedure, weigh (to the nearest 0.01g) a 1.0 to 1.5 g portion of sanple
and transter to a beaker.

6.2 Add 10 nL of 1:1 nitric acid (H , mMx the slurry, and cover with a
wat ch gl ass. Heat the sanple to 92-95°C and reflux for 10 m nutes
wi t hout boil i ng.

6.3 Alowthe sanple to cool, add 5 nL of concentrated HNG;, replace the
wat ch gl ass, as appropriate, and reflux for 30 mnutes. Do not allow
the volunme to be reduced to less than 5 nL while maintaining a covering
of solution over the bottom of the heating vessel

6.4 After the second reflux step is cogpleted and the sanple is cool, add 2
n. of Type Il water and 3 of 30% hydr ogen PerOX|de (HG). Return
the heating vessel to the hot plate or equival ent heating source for
warmng to start the peroxide reaction, Care nust be taken to ensure
that | osses do not occur due to excessively vigorous effervescence.

Heat until effervescence subsides, and cool the heating vessel

6.5 Continue to add 30% H,O, in 1 nL aliquots with warm ng until the
ef fervescence is mninmal or until the general sanple appearance is
unchanged. (NOTE: Do not add nore than a total of 10 nmL 30% H,O.)

6.6 Fol | ow Sections 6.6.1 and 6.6.2 as appropriate

6.6.1 If the sanple is bein prePared for the furnace AA analysis of Sb
or the flane AA or | analysis of Al, As, Sh, Ba, Be, Ca, , ,
Co, Cu, Fe, Pb, , M, N, K Se, Ag, Na, Tl, V, and Zn, add 5

mb of 1:1 HA and 10 nmL of Type Il water, return the covered
heating vessel to the hot plate or equival ent heating source, and
heat for an additional 10 minutes. After cool|ng, friter through
VWhat man No. 42 filter ﬁaper (or equivalent) and dilute to 100
with Type Il water. The diluted sangle has an approxi mate acid
concentration of 2.5@b§y/v? HC and 5% (v/v) HNO,., Dilute the
digestate 1:1 (200 nL fina volune% with acidified water to
nalpta!n constant acid strength. he sanple is now ready for

anal ysi s.

6.6.2 If the sanple is being prepared for the furnace anal ysis of As,
Be, &, C, Co, Cu, Fe, Pb, M1, N, Se, Ag, T1, V, and Zn, )
continue heating the acid-peroxide digestate until the volune is
reduced to approxi mately 2 nmL, add 10 nL of Type Il water, and
warmthe mixture. After cool|ng, filter through Whatnman No. 42
filter paper (or_equivalent) and dilute the sanple to 100 nL with
Type Il water. The diluted digestate solution contains
approxi mately 2% (v/v) HNG;. lute the digestate 1:1 (200 mL
final volune) with acidified water to naintain constant acid
strength. For analysis, wthdraw aliquots of approErlate vol une,
and add the required reagent or matrix nodifier. The sanple is
now ready for anal ysis.
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7.0 Cal cul ati ons

7.1 A seBar ?te determ nati on of percent solids nmust be perforned (Section
ar

7.2 The concentrations determned in the digestate are to be reported on the
basis of the dry wei ght of the sanple.

Concentration (dry w. !k = CxV
(dry ) (mo/ ko) G

wher e,

C = Concentration (

vV = F|nal volune in |ters after sanple preparation
W = Weight in 8of wet sanpl e

S = %Solids/ 10
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PART D - MICROWAVE DIGESTION PROCEDURE FOR AQUEOUS (MEDIUM AND LOW LEVEL)
AND SOIL/SEDIMENT SAMPLES

.0 Scope and Application

This nethod is an acid digestion procedure usi n? m crowave energy to
prepare water and soil sanples for anal ?/SIS by furnace AA flane” AA

and/or I1CP for the follow ng target anal ytes:
Al um num Chrom um Pot assi um
Ant i mony” Cobal t Sel eni um
Arsenic Copper Silver
Barium I ron Sodi um
Beryl |ium Lead Thal | i um
Cadiri um Magnesi um Vanadi um
Cal ci um I\N/!an alnese Zi nc

i cke

"NOTE: This nmicrowave digestion nethod shall not be used for the
di gestion of soil/sedinent sanples for the anal ysis of antinony.

.2 Thi s m crowave di gestion nethod may be used to digest soil/sedinment
sanpl es and Medi um and Low Level agueous sanples as |ong as MDLs achi eve
the CRQ requirenments (Exhibit .

.0 Summary of Met hod

.1 Wat er Sanpl e Preparation:

A 45 nL volune of well-m xed water sanple is digested in 5 nL of
concentrated nitric acid in a Teflon® PFA vessel for 20 m nutes usin
mcroy\a?/e heating. The digestate is then filtered to renove insol uble
material .

.2 Soi |l Sanpl e Preparation:

A 0.5 g (wet weight) amount of well-m xed sanple is digested in 10 nL of
concenirated nitric acid in a Tefl on® PFA vessel for 10 mi nutes usin

m crowave heating. The digestate is then filtered to renove insol uble
material. NOTE: This microwave di gestion nethod shall not be used to
di gest soil/sedinment sanples for antinony anal ysis.

3.0 Apparatus and Materials

.1 Commercial kitchen or hone-use nicrowave ovens shall not be used for the

di gestion of sanples under this contract. The oven cavity nust be
corrosion resistant and well ventilated. Al electronics nust be
protected agai nst corrosion for safe operation.

.2 {\/A\aﬂ owave oven with progranmabl e power settings up to at |east 600
S.

.3 The system nust use PFA Tefl on® digestion vessels (120 nL capacity)

capabl e of withstandi ng pressures of up to 110 +10 psi (7.5 +0.7 atn).
These vessels are capable of controlled pressure relief at pressures
exceedi ng 110 psi.

.4 Arotating turntable nust be used to ensure honogeneous distri
m crowave radi ation within the oven. The speed of the turntab
a mnimmof 3 rpm

buti on of
| e nust be
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Pol yneric volunetric ware in plastic (Teflon® or polyethyl ene) 50 nL or
100" nL capacity.

VWhat man No. 41 filter paper (or equivalent).

Di sposabl e pol ypropyl ene filter funnel

Anal yti cal bal ance, 300 g capacity, and m ni mum +0. 01 g.
Pol yet hyl ene bottles, 125 nL, with caps.

Reagent s

ASTM Type Il water (ASTM D1193): Water nust be nonitored and the
results of the nonitor nust be recorded in a | ogbook

Nitric acid, Sub-boiled, concentrated (sp. gr. 1.41).
Hydrochl oric acid, concentrated (sp. gr. 1.19).

M crowave Calibration Procedure

The calibration procedure is a critical step prior to the use of any

m crowave unit. The mcrowave unit nust be calibrated every six nonths.
The calibration data for each calibration nust be submtted to EPA upon
request and available for review during on-site audits. In order that
absol ute power settings may be interchanged from one mcrowave unit to
anot her, the actual delivered power nust be determned. Calibration of
a | aboratory mcrowave unit depends on the type of electronic system
used by the” manufacturer. |f the unit has a precise and accurate
linear relationship between the output power and the scale used in
controlling the mcrowave unit, then the calibration can be a two-point

calibration at maxi nrumand 40% power. If the unit is not accurate or.
precise for some portion of the controlling scale, then a nultiple-point
calibration is necessary. |If the unit power calibration needs a

mul ti pl e-point calibration, then the point where linearity begins nust
be identitied. For exanple, a calibration at 100, 99, 98, 97, 95, 90,
80, 70, 60, 50 and 40% power settings can be applied and the data
plotted. The non-linear portion of the calibration curve can be
excluded or restricted in use. Each percent is equivalent to

approxi mately 5.5-6 watts and becones the smallest unit of power that
can be controlled. |If 20-40 watts are contained from 99-100% _t hat
portion of the microwave calibration is not controllable by 3-7 tines
that of the linear portion of the control scale and will prevent
duplication of precise power conditions specified in that portion of the
power scal e.

The power available for heating is evaluated so that the absol ute power
settlnP.(matts) may be conpared fromone mcrowave to another. This is
acconpli shed by measuring the tenmperature rise in 1 Kg of water exposed
to microwave radiation for a fixed period of tinme. The water is placed
in a Teflon® beaker (or a beaker that is nmade of sone other material

t hat does not adsorb microwave energy) and stirred before neasuring the
tenperature. d ass beakers adsorb m crowave energy and may not be used
The initial tenperature of the water nust be between 19 and 25 °C. The
beaker is circul ated continuously through the field for at |east two (2)
mnutes at full power. The beaker is renoved fromthe mcrowave, the
water is stirred vigorously, and the final tenperature is recorded. The
final reading is the maxi mumtenperature reading after each energy
exposure. These neasurenments nust be accurate to + 0.1°C and nadeée
within 30 seconds of the end of heatlnP.. If nore neasurenents are
needed, do not use the sane water until it has cool ed down to room
tenperature. Qherw se, use a fresh water sanple
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5.3 The absorbed power is determ ned using Equation 1:

EQ 1,
P = (K (CDE (m (D7)
wher e,
P = The apparent power absorbed by the sanple in watts

%Loules per second), ) )
= e conversion factor for thernochenical calories per
second to watts (= 4.184), ) o

= The heat capacity, thermal capacity, or specific heat
cal. g °Ct) of water (=1.0),
he mass of the sample in grans (Qg),

Thg)flnaé tenperature mnus the initial tenperature
°C), ~an

%he time in seconds (s).

K
G
m
DT
t

Using 2 mnutes and 1 Kg of distilled water, the calibration equation
simplifies to:

P = (DT) (34.87).

The m crowave user can now relate power in watts to the percent power
setting of the mcrowave.

6.0 Cl eani ng Procedure

The initial cleaning of the PFA vessels:

6.1.1 Prior to first use - new vessels nust be anneal ed before they are
used. A pretreatnent/cleanln% procedure nust be foll owed. hi s
procedure calls for heating the vessels for 96 hours at 200°C. The

vessel s nust be disassenbl ed during annealing and the sealing
surfaces (the top of the vessel or its rim nust not be used to
support the vessel during annealing.

6.1.2 Rinse in ASTM Type | water

6.1.3 Inrerse in 1:1 HO for a mninmumof 3 hours after the cleaning bath
has reached a tenperature just bel ow boiling

6.1.4 Rinse in ASTM Type | water.

6.1.5 Imerse in 1:1 HNO, for a mininmumof 3 hours after the cleaning bath
has reached a tenperature just bel ow boiling

6.1.6 The vessels are then rinsed with copi ous anounts of ASTM Type | water
prior to use for any anal yses under this contract.

6.2 Cl eani ng procedure between sanpl e di gestions:

6.2.1 Wash entire vessel in hot water using |aboratory-grade nonphosphate
det ergent.

6.2.2 Rinse with 1:1 nitric acid.
6.2.3 Rinse three times with ASTM Type | water. |If contanminants are found

in the preparation blank, it is mandatory that steps 6.1.2 through
6.1.6 be strictly adhered to.
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Water Di gestion Procedure

A 45 nmL aliquot of the sanple is neasured into Teflon® di gestion vessels
usi ng vol unetric gl assware.

A 5 nL volune of high purity concentrated HNO, i s added to the digestion
vessel s.

The caps (with Pressure rel ease val ves) are placed on the vessels hand
tight and then tightened using constant torque to 12 ft./lbs. The
wel ght of each vessel is recorded to 0.02 g.

Pl ace 5 sanple vessels in the carousel, evenly spaced around its
periphery in the mcrowave unit. Venting tubes connect each sanpl
vessel with a collection vessel. FEach sanple vessel is attached t
cl ean, doubl e-ported vessel to collect any sanple expelled fromth
sanpl e vessel in the event of over pressurization. Assenbly of the
vessel s into the carousel nay be done inside or outside the nicrowave.

e
0o a
e

Thi s Erocedure i s energy bal anced for five 45 nL water sanples (each
with mL of acid) to Produce consi stent conditions. Wen fewer than 5
sanpl es are_digested, the renaining vessels nust be filled with 45 nL of
tap, DI or Type Il water and 5 nL of concentrated nitric acid.

Newer mi crowave ovens nmay be capabl e of higher power settings which may
allow a larger nunber of sanples. |f the analyst w shes to digest nore
than 5 sanples at a tine, the analyst nay use different power settings
as long as they result in the same tinme tenperature conditions defined
in the power progranmm ng for this nethod.

The initial tenperature of the sanples should be 24 + 1°C. The
preparation bl ank nust have 45 nL of deionized water and the sane anount
(5 m) of acid that is added to the sanpl es.

The microwave unit first-stage program must be set to give 545 watts for
10 minutes _and the second-stage programto give 344 watts for 10

m nutes. This sequence brings the sanples to 160 x4°C in ten mnutes
and pernits a slowrise to 165-170°C during the second 10 mi nutes.

Fol l owi ng the 20 m nute program the sanples are left to cool in the

m crowave unit for five mnutes, with the exhaust fan ON. The sanples
and/ or carousel may then be renoved fromthe microwave unit. Before
opening the vessels, let cool until they are no |longer hot to the touch

After the sanple vessel has cool ed, weigh the sanple vessel and conpare
to the initial weight as reported in the preparation |log. Any sanple
vessel exhibiting a < 0.50 | oss must have any excess sanple fromthe
associ ated col | ection vessel added to the original sanple vessel before
proceeding with the sanple preparation. Any sanple vessel eXthItlnP a
> 8:50 ? doss nmust be identified in the preparation |og and the sanple
redi gested.

Sanple Filtration: The digested sanples are shaken well to mx in any
condensate w thin the digestion vessel before being opened. The

di gestates are then filtered into 50 niL glass volunetric flasks through
ultra-clean filter paper and diluted to 50 nL (if necessary). The
sanpl es are now ready for analysis. The sanple results nust be
corrected by a factor of 1.11 in order to report final concentration
val ues based on an initial volume of 45 nL. Concentrations so

determ ned shall be reported as "total."
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Soi |l Sanpl e Di gestion Procedure

Prior to sanple digestion, the percent solids of the soil/sedi ment
sanpl e must be determi ned in accordance with Section IV, Part F and the
approprlate/procedures must be followed for percent solids |ess than or
equal to 30%

Add alrepresentative 0.5 +0.050 grans of sanple to the Teflon® PFA
vessel .

Add 10 0.1 nL of concentrated nitric acid. |If a vigorous reaction
occurs, allow the reaction to stop before capping the vessel

Cap the vessel, then tighten using constant torque to 12 ft/Ibs,
according to the nanufacturer's direction

Canect the sanple vessel to the overflow vessel using Tefl on® PFA
t ubi ng.

Wei gh the vessel assenbly to the nearest 0.01 g.

Pl ace sanpl e vessels in groups of 2 sanple vessels or 6 sanple vessels
in the carousel, evenly spaced around its periphery in the m crowave
unit. If fewer than the recomended nunber of sanples are to be
digested (i.e., 3 sanples plus 1 blank) then the remaining vessels nust
be f|lled with 10 nL of nitric acid to achieve the full conpl enent of
vessel s.

Each sanpl e vessel nust be attached to a clean, double-ported vessel to
col l ect any sanple expelled fromthe sanple vessel in the event of over
pressurization. Assenbly of the vessels into the carousel nay be done
I nside or outside the mcrowave. Connect the overflow vessel to the
center well of the oven.

The preparation blank nust have 0.5 nL of deionized water and the sane
amount (10 nL) of acid that is added to the sanples. The preparation
bl ank rmust later be diluted to 50 nL in the same manner as the sanples.

Irradiate the 2 sanple vessel group at 344 watts for 10 minutes, or the
6- sanpl e vessel group at 574 watts for 10 m nutes.

This.progranwbrin s the sanples to 175°C in 5.5 minutes; the tenperature
remai ns between 170-180°C for the balance of the 10 minute irradiation
gerlod. The pressure should peak at |ess than 6 atmfor nost sanples.

he pressure may exceed these linmts in the case of high concentrations
of carbonate or” organic conpounds. In these cases, the pressure will be
limted by the relief pressure of the vessel to 7.5 +0.7 atm

Al'l ow the vessels to cool for a mininumof five mnutes before renoving
themfromthe mcrowave unit, with exhaust fan ON. Allow the vessels to
cool to roomtenperature before opening. The vessels nust be carefully
vented and uncapped in a funme hood.

Wei gh each vessel assenblx. | f
decreased by nore than 10% from
di gests. Determne the reason f
attributed to use of digestion t
|arge of a sanple, or having inp
source of the [osses has been co
for digestion.

he wei ght of acid plus the sanple has
he origi nal weight, discard the

r the l'oss. Losses typically are

me | onger than ten m nutes, u3|n% t oo
oper heating conditions. Once the

re

t
t
0
i
r
rrected, prepare a new set of sanples
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8.12 Sanple Filtration; Shake the sanple well to mix in any condensate
within the digestion vessel before being opened. Filter the digestion
vessel into a 50 nL glass volunetric flask through ultra-clean filter
paper. Rinse the sanple digestion vessel, cap, connecting tube, and (if

venting occurred) the overflow vessel into the 50 nL gl ass fl ask.
Dilute to 50 nL. The sanples are now ready for analysis.
Concentrations so determ ned shall be reported as "total."

9.0 Cal cul ati ons

9.1 The concentrations deternmined in the digestate are to be reported on the
basis of the dry weight of the sanple using Equation 2:

EQ 2,
Concentration (dry w. /Kg) = CxV
(dry ) (mg/ Kg) G

wher e,

C = Concentration (ng/lL),

V = Final volune in liters after sanple
8éeparat|om

W = ight in Kg of wet sanpl e,

S = %Solids/ 10
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Parts E, F, G H, and |

PART E. MERCURY SAMPLE PREPARATION
Refer to each specific nethod in Exhibit D, Section IV, Part D.

PART F. CYANIDE SAMPLE PREPARATION
Refer to each specific nethod in Exhibit D, Section IV, Part E.

PART G. TOTAL ORGANIC CARBON SAMPLE PREPARATION
Refer to each specific nethod in Exhibit D, Section IV, Part G

PART H. TOTAL COMBUSTIBLE ORGANICS SAMPLE PREPARATION
Refer to each specific nethod in Exhibit D, Section IV, Part H.

PART 1. GRAIN SIZE DISTRIBUTION SAMPLE PREPARATION
Refer to each specific nethod in Exhibit D, Section IV, Part |.
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PART A - INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROPHOTOMETRIC METHOD

4.

1

1

Met hod 200. 7 REAP-M
| NDUCTI VELY COUPLED PLASVA- ATOM C EM SSI ON SPECTROPHOTOVETRI C METHOD
FOR TRACE ELEMENT ANALYSI S CF AQUEQUS AND SO L/ SEDI MENT SAMPLES

Scope and Application

Total elenents are determi ned after appropriate digestion procedures are
performed. Since digestion techniques increase the dissolved solids
content of the sanples, appropriate steps nmust be taken to correct for
potential interference effects. This is especially true when dissol ved
solids exceed 1500 ng/L. (See Section 4.0)

Table 1 lists elements along with recommended wavel engths and typica
estimated instrumental detection linmts using conventional pneunatic
nebul i zati on. Actual working detected limts are sanpl e dependent and
as the sanple matrix varies, these concentrations nay also vary. In
time, other elements may be added as nore informati on beconmes avail abl e
and as required.

Because of the differences between various nakes and nodel s of
satisfactory instrunents, no detailed instrunental operating

i nstructions can be provided. Instead, the analyst Is referred to the
i nstructions provided by the manufacturer of the particular instrument.

Sunmary of Met hod

The met hod describes a technique for the sinultaneous or seguentim
mul ti el enent determination of trace elenents in solution. The basis of
the nethod is the nmeasurenment of atonmic enission by an optical )
spectroscopi ¢ techni que. Sanples are nebulized and the aerosol that is
produced is transported to the plasma torch where excitation occurs.
Characteristic atom c-line em ssion spectra are produced by a_ radio-
frequency inductively coupled plasma (1CP)., The SEectra are di spersed
by a grating spectroneter and the intensities of the |lines are nonitored
by a photosensitive device. The photocurrents fromthe photosensitive
device are processed and controlled by a conputer system A background
correction technique is required to conpensate for Vvariabl e background
contribution to the deternmination of trace elenents. Background nust be
nmeasur ed adiacent to analyte |lines on sanples during analysis. The
osition selected for the background intensity neasurenent, on either or
oth sides of the analytical |ine, will be determned by the coaneX|tg
of the spectrum adjacent to the analyte Iine. The position used nust be
free of spectral interference and reflect the same change in background
intensity as occurs at the anal yte wavel ength neasured. Background
correction is not required in cases of |ine broadening where a )
background correction measurenment woul d actually degrade the anal ytica
result. The possibility of additional interferences naned in Section
4.1 (and tests for their presence as described in Section 4.2) should
al so be recogni zed and appropriate correcti ons nade.

Safety

The toxicity or carcinogenicity of each reagent used in this nethod has
not been precisely defined; however, each chem cal conmpound shoul d be
treated as a potential health hazard. The |aboratory is responsible for
mai ntai ning a current awareness file of OSHA regul ati ons regarding the
safe handling of the chemcals specified in this nmethod. A'reference
file of material handling data sheets should be made available to al
personnel involved in the chem cal anal ysis.

| nterferences

Several types of interference effects nmay contribute to inaccuracies in
the determ nation of trace elenents. They can be sumarized as foll ows:

Spectral interferences can be categorized as 1) overIaP of a spectra
1 ne fromanother elenment; 2) unresolved overlap of nolecular band
spectra; 3) background contribution from continuous or reconbination

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Phenonena;.and 4) background contribution fronwstray.light fromthe
i ne em ssion of high concentration elements. The Tirst of these
effects can be conpensated by utilizing a conmputer correction of the
raw data, requiring the nonitoring and neasurenment of the interfering
elenent. The second effect may require selection of an alternate
wavel ength. The third and fourth effects can usually be conpensated
by a background correction adjacent to the analyte line. In
addition, users of sinmultaneous nulti-elenment instrunmentation nust
assume the responsibility of verlfylnP t he absence of spectra
interference froman el enent that could occur in a sanple but for
which there is no channel in the instrunent array.

Listed in Table 2 are sone interference effects for the reconmended
wavel engths given in Table 1. The data in Table 2 are intended for
use only as a rudinmentary guide for the indication of potential
spectral interferences. For this purpose, linear relations between
concentration and intensity for the analytes and the interferents can
be assuned. The interference information, which was collected at the
Anes Laboratory™, is expressed as anal yte concentrati on equival ents
(i.e., false analyte concentrations) arising from2100 ng/L of the
interferent elenent.

The suggested use of this information is as follows: Assune that
arsenic (at 193.696 nm is to be determined in a sanple containin
aPprQX|nateIY 10 ng/L of alum num According to Table 2, 100 ng/L of
al umi numwoul d yield a fal se signal for arsenic equivalent to
approximately 1.3 ng/L. Therefore, 10 ng/L of al um numwould result
in a false signal for arsenic equivalent to approximately 0.13 no/L.
The reader is cautioned that other analytical s¥stens may exhi bit
somewhat different levels of interference than those shown in Table
2, and that the interference effects nmust be evaluated for each

i ndi vi dual system Only those interferents |isted were investigated
and the blank spaces in Table 2 indicate that neasurable )
interferences were not observed fromthe interferent concentrations
listed in Table 3. Generally, interferences were discernible if they
produced peaks or background shifts corresponding to 2-5% of the
peaks generated by the anal yte concentrations also listed in Table 3.

At present, information on the listed silver and potassium

wavel engths is not available but it has been reported that second
order energy fromthe magnesi um 383.231 nm wavel ength interferes with
the listed potassiumline at 766.491 nm

4.1.2 Physical interferences are generally considered to be effects
associated with the sanple nebulization and transport processes.
Such.Propert!es as change in viscosity and surface tension can cause
significant inaccuracies especially in sanples which na¥ contain high
di ssol ved solids and/or acid concentrations. The use of a
peristaltic punp may | essen these interferences. |f these types of
Interferences are operative, they nust be reduced by dilution of the
sanpl e and/or utilization of standard addition techni ques. Another
probl em whi ch can occur from high dissolved solids is salt buildup at
the tip of the nebulizer. This affects aerosol flow rate causing
instrumental drift.

Wetting the argon prior to nebulization, the use of a tip washer, or
sanpl e dilution has been used to control this problem Aso, it has
been reported that better control of the argon flow rate inproves

i nstrunment performance. This is acconplished with the use of nass
flow controllers.

4.1.3 Chemical interferences are characterized by nol ecul ar conpound
formation, ionization effects and sol ute vaporization effects.
Normal |y these effects are not pronounced wth the ICP technique,
however, if observed they can be mnimzed by careful selection of
operating conditions gthat is, incident power, observation position
and so forth), by buffering of the sanple, by matrix matchi ng, and by
standard addi tion procedures. These types of interferences can be
hi ghl y dependent on matrix type and the specific anal yte el enent.

** Anes Laboratory, USDOE, lowa State University, Anes, lowa 50011
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Prior to reporting concentration data for the analyte el enents, the
Contractor shall anaI%ze and report the results of the ICP Seri al
Dilution Analysis. The ICP Serial Dilution Analysis shall be perforned
on a sanple fromeach group of sanples of a simlar matrix type and
concentration or for each Sanple Delivery G oup, whichever is nore
frequent., Sanples identified as equi pnent bl anks cannot be used for
Serial Dilution Analysis.

If the analyte concentration is sufficiently high (mninmally a factor of
50 above the nethod detection |imt in the original sanple), the serial
dilution (a five fold dilution) shall then agree within 10% of the
original determ nation after correction for dilution. |If the dilution
analysis for one or nore analytes is not within 10% a chemical or
physical interference effect nust be suspected, and the data for al
affected analytes in the sanples received associated with that serial
dilution nust be flagged with an "E'" on FORM | X and FORM 1.

Appar at us

I nductively Coupl ed Pl asma- At om ¢ Em ssion Spectroneter.

Conputer controlled atom c emission spectroneter w th background
correction.

Radi o frequency generat or
Argon gas supply, welding grade or better.

Operating conditions - Because of the differences between various nakes
and nodel's of satisfactory instrunments, no detailed operating

i nstructions can be provided. |Instead, the analyst should followthe

i nstructions provided by the manufacturer of the particular instrunent.
Sensitivity, 1nstrunental detection limt, precision, |linear dynamc
range, and interference effects nust be investigated and established for
each 1 ndividual analyte line on that particular instrunent. )
neasurenents nust be within the instrunment linear range where correction
actors are valid. 1[It 1s the respon3|blllt¥.of the analyst to verify
hat the instrument configuration and operating conditions used satisfy
the anal ytical requirenents and to nmaintain quality control data
confirmng instrunent performance and anal ytical results.
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6.0 Reagent s and St andar ds

6.1 Acids used in the preparati on of standards and for sanple
must be ultra-high purity grade or equivalent. Redistil
accept abl e.

rocessin
g € g

ed acids are

6.1.1 Acetic acid, concentrated (sp gr 1.06).
6.1.2 Hydrochl oric acid, concentrated (sp gr 1.19).

6.1.3 Hydrochl oric acid, (1+1): Add 500 niL concentrated HO (sp gr 1.19)
to 400 nL deionized, distilled water and dilute to 1 liter.

6.1.4 Nitric acid, concentrated (sp gr 1.41).

6.1.5 Nitric acid, (1+1): Add 500 nmL concentrated HNO, (sp gr 1.41) to 400
nmL dei oni zed, distilled water and dilute to 1 liter

6.2 Dei oni zed, distilled water: Prepare by passing distilled water through
a m xed bed of cation and ani on exchange resins. Use dei onized,
distilled water for the preparation of all reagents and calibration
standards and as dilution water. The purity of this water nust be
equi valent to ASTM Type |l reagent water of Specification D 1193.

6.3 Standard stock solutions nmay be purchased or prepared fromultra high
purity grade chemicals or netals. Al salts nust be dried for 1 hour at
105° C unl ess ot herw se specified. (CAUTION: Many netal salts are
extrenmely toxic and may be fatal if swallowed. Wsh hands thoroughly
after handling.) Typical stock solution preparation procedures follow

6.3.1 Al um num sol ution, stock, 1 nmL = 100 ug Al: Dissolved 0.100 g of
alumnumnetal in an acid mixture of 4 nL of (1+1) HC1 and 1 nL of
concentrated H in a beaker. Warmagently to effect solution. When
solution is conplete, transfer quantltatlvel¥ to aliter flask, add
an additional 10 mL of (1+1) HCL and dilute to 1000 nL with
dei oni zed, distilled water.

6.3.2 Antinony solution stock, 1 nL = 100 ug Sb: Dissolve 0.2669
K(SbC»CJLCﬁOb% dei oni zed distilled water, add 10 nL (1+1) HCI and

dilute to nm. with deionized, distilled water

6.3.3 Arsenic solution, stock, 1 nL = 100 ug As: Dissolve 0.1320 g of
As,O; in 100 nL of deionized, distilled water conta|n|n? 0.4 g NaOH
Acidify the solution with 2 nL concentrated HNO, and dilute to 1,000
mL with deionized, distilled water.

6.3.4 Barium solution, stock, 1 nL = 100 ug Ba: Dissolve 0.1516 g Bad ,
(dried at 250°C for 2 hrs) in 10 nL deionized, distilled water with 1

nL (1+1) HJ. Add 10.0 nL (1+41) HOJ and dilute to 1,000 nL with
dei oni zed, distilled water.

6.3.5 Beryl lium solution, stock, 1 nmL = 100 ug Be: Do not dry. Dissolve
1. 966 g BeSO,-4H,O, in deionized, distilled water, add 10.0 nL
co?centrated H and dilute to 1,000 nL with deionized, distilled
wat er .

6.3.6 Cadm um sol ution, stock, 1 nL = 100 ug Cd: Dissolve 0.1142 g CdO in
a m ni num anount of (1+%{ HNO,. Heat to increase rate of
di ssolution. Add 10.0 concentrated HNG, and dilute to 1,000 nL
wi th deionized, distilled water.
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Cal cium sol ution, stock, 1 nL = 100 ug Ca: Suspend 0.2498 g CaCO,
dried at 180°C for 1 h before weighing in deionized, distilled water
and di ssolve cautiously with a nininmum anmount of (1+1) HNO,. Add
10.0 mL concentrat ed and dilute to 1,000 nL with deionized,
distilled water.

Chromi um sol ution, stock, 1 nL = 100 ug Cr: Dissolve 0.1923 g of
Cr QO in deionized, distilled water. Wen solution is conplete
acidify with 10 nmL concentrated HNO, and dilute to 1,000 nL with
dei oni zed, distilled water.

Cobal t solution stock, 1 nL = 100 u'g' Co: Dissolve 0.1000 g of cobalt
nmetal in a mninumanount of (1+1) HNO,.. Add 10.0 nL (1+1) HO and
dilute to 1,000 nmL with deionized, distilled water.

Copper solution, stock, 1 nL = 100 ug Cu: Dissolve 0.1252 g CuOin a
m ni mum anmount of (1+1) HNG,. Add 10.0 nL concentrated HNO, and
dilute to 1,000 nL with deionized, distilled water.

Iron solution, stock, 1 nL = 100 ug Fe: Dissolve 0.1430 'g' Fe,O, in a
warm m xture of 20 nL (1+1) HCl and 2 nL of concentrated . Cool,
add an additional 5 nmL of concentrated HNO, and dilute to 1,000 nL
wi th deionized, distilled water.

Lead solution, stock, 1 nL = 100 ug Pb: Dissolve 0.1599 g Pb( NQF%
in a mnimmanmount of (1+1) HNG,.  Add 10.0 ni of concentrated
and dilute to 1,000 nmL with deionized, distilled water.

Magnesi um sol ution, stock, 1 nL = 100 ug My: Dissolve 0.1658 MyO
in a mnimumamount of (1+1) HNG,. Add 10.0 niL concentrated HI%OQ and
dilute to 1,000 nmL with deionized, distilled water.

Manganese sol ution, stock, 1 nL = 100 ug Mi: Dissolve 0.1000 g of
manganese netal in the acid mxture, 10 nL concentrated HCL and 1 ni
cotncentrat ed HNO,, and dilute to 1,000 nL with deionized, distilled
wat er .

Ni ckel solution, stock, 1 nmb = 100 ug Ni: Dissolve 0.1000 g of
nickel nmetal in 10 nL hot concentrated HNGO,, cool and dilute to 1,000
nm. with deionized, distilled water.

Pot assi um sol ution, stock, 1 nmL = 100 ug K. Dissolve 0.1907 KA ,
dried at 110°C, in deionized, distilled water. Dilute to 1,000 nL.

Sel eni um sol ution, stock, 1 nL = 100 ug Se: Do not dry. Dissolve
0.1727 g H,SeO;, (actual assay 94.6% in deionized, distilled water
and dilute to 1,000 nL.

Silver solution, stock, 1 nL = 100 ug Ag: Dissolve 0.1575 g AgNG; in
100 nL of deionized, distilled water and 10 nmlL concentrated HNO,.
Dilute to 1,000 nL with deionized, distilled water.

Sodi um sol ution, stock, 1 nL = 100 u8 Na: Dissolve 0.2542 g NaCdl in
dei oni zed, distilled water. Add 10.0 nL concentrated HNO, and dilute
to 1,000 mL with deionized, distilled water.

Thal I i um sol ution, stock, 1 nL = 100 ug Tl: Dissolve 0.1303 g Tl NG,
in deionized, distilled water, Add 10.0 nL concentrated HNG;, and
dilute to 1,000 nL with deionized, distilled water.

Vanadi um sol ution, stock, 1 nL = 100 ug V: Dissolve 0.2297 NHVGO; in
a m ni num amount of concentrated HNG,.  Heat to increase rate of

di ssolution. Add 10.0 nL concentrated HNO, and dilute to 1,000 nL
with deionized, distilled water.

Zinc solution, stock, 1 nL = 100 ug Zn: Dissolve O. 12453 ZnOin a
m ni rum anmount of dilute HNO,. Add 10.0 niL concentrated HNO, and
dilute to 1,000 nL with deionized, distilled water.

M xed calibration standard solutions -- Prepare mixed calibration

standard sol utions by conbini ng apgropri ate volumes of the stock
solutions in volunetric flasks. (See Sections 6.4.1 through 6.4.5.)
Add 2 nL of (1+1? HNO, and 10 nL of (1+1) HO and dilute to 100 nL with
dei oni zed, distilled water. (See E in Section 6.4.5.) Prior to
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preparing the m xed standards, each stock solution should be anal yzed
separately to determi ne possible spectral interference or the presence
of inmpurities. Care should be taken when preparing the mxed standards
that the elenments are conpatible and stable. Transfer the m xed
standard solutions to a FEP fluorocarbon or unused pol yethyl ene bottle
for storage. Fresh mi xed standards shoul d be prepared as needed with
the realization that concentration can change on aging. Calibration
standards nust be |n|t|ally_ver|f|ed using a quality control sanple and
nonitored weekly for stability (see Section 6.6.3). Al though not_
specifically required, some t¥p|cal calibration standard conbi nati ons
foll ow when usi ng those specific wavelengths listed in Table 1

M xed standard solution I -- Manganese, beryllium cadmum |ead, and
zi nc.

M xed standard solution Il -- Barium copper, iron, vanadium and
cobal t.

M xed standard solution Il -- Arsenic and sel eni um

M xed standard solution IV -- Calcium sodium potassium alum num

chrom um and ni ckel

M xed standard solution V -- Antinony, nagnesium silver, and
thal lium

NOTE: If the addition of silver to the reconmended acid conbination

results in an initial precipitation, add 15 nL of deionized distilled

water and warmthe flask until the solution clears., Cool and dilute

to 100 nmL with deionized, distilled water. For this acid conbination

the silver concentration should be limted to 2 ng/L. Silver under

these conditions is stable in a tap water matrix tor 30 days. Higher
re a

concentrations of silver require additional HJ.

Two types of blanks are required for the analysis. The calibration

bl ank™ (see Exhibit E) is used in establishing the analytical curve while
the reagent blank (preparation blank, Exhibit E) is used to correct for
possi bl e contamination resulting fromvarying anounts of the acids used
In the sanpl e processing.

The calibration blank is prepared by diluting 2 nL of (1+1) HNGO, and
10 mL of (1+1?.FK1 to 100 mL with deionized, distilled water

Prepare a sufficient quantity to be used to flush the system between
st andards and sanpl es.
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The reagent blank (or preparation blank - see Exhibit E) nust contain
all the reagents and in the sane volunmes as used in the processing of
the sanples. The reagent blank nust be carried through the conplete
procedure and contain the sane acid concentration in the fina

solution as the sanple solution used for analysis.

In addition to the calibration standards, an instrument check standard,
an interference check sanple and a quality control sanple are also
required for the anal yses (see Exhibit E)

The instrunent check standard for continuing calibration verification
is prepared by the analyst by conbining conpatible elenments at a
concentration equivalent to the md-points of their respective
calibration curves.

The interference check sanple is prepared by the anal yst, or obtained
commer ci al vendors.

The quality control sanple for the initial calibration verification
nmust be prepared in the sanme acid nmatrix as the calibration standards
and in accordance with the instructions provided by the supplier

Procedure
Section 5.2. The instrunment nust be allowed to becone thermally stable

bef ore beginning. This usually requires at least 30 min. of operation
prior to calibration.

Set up instrunment with proper operatinPIparaneters established in
tru
i

Initiate appropriate operating configuration of conputer.

Profile and calibrate instrument according to instrument manufacturer's
reconmended procedures, using mxed calibration standard sol uti ons such
as those described in Section 6.4. A peristaltic ﬁunp nust be used to
introduce all solutions to the nebulizer. Flush the systemwth the
calibration blank (Section 6.5.1) between each standard.

BePin.the sanple run flushing the systemw th the calibration blank
solution (Section 6.5.1) between each sanple. Analyze the instrunent
check standard (Section 6.6.1) and the calibration blank (Section 6.5.1)
each 10 anal yti cal sanpl es.

A mnimumof two replicate exposures is required for standardization and
all QC and sanpl e anal yses. he average result of the multiple
exposures for the standardi zation and all QC and sanpl e anal yses shal

be used.

Cal cul ation

If dilutions were perforned, the appropriate factor shall be applied to
sanpl e val ues.

Units shall be clearly specified.
Quality Control
Quality control shall be performed as specified in Exhibit E
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Exhi bit D -

Section IV

Part A - | CP- AES

(1)

(2)

(3)

TABLE 1 -

RECOMVENDED WAVELENGTHS AND ESTI MATED
| NSTRUMENTAL DETECTION LIM TS

Esti mat ed Detection

El enment Wavel engt h, nn{1) Limt, ug/L(2)
Al 'um num 308. 215 45
Ant i mony 206. 833 32
Arsenic 193. 696 53
Bari um 455. 403 2
Beryllium 313. 042 0.
Cadmi um 226. 502 4
Cal ci um 317.933 10
Chrom um 267.716 7
Cobal t 228.616 7
Copper 324. 754 6
I ron 259. 940 7
Lead 220. 353 42
Magnesi um 279. 079 30
Manganese 257. 610 2
N ckel 231. 604 15
Pot assi um 766. 491 See(3)
Sel eni um 196. 026 75
Silver 328. 068 7
Sodi um 588. 995 29
Thal | i um 190. 864 40
Vanadi um 292. 402 8
Zi nc 213. 856 2
The wavel engths listed are recommended because of their sensitivity and
overal | acceptance. O her wavel engths may be substituted if ey can
provide the needed sensitivity and are treated with the sane rrective
techni ques for spectral interference. See Section 4.1.1.) e use of

al t ernat e wavel engt hs nust

The estimated instrunental

be reported

innm with the sanple data

detection linmts as shown are taken from

"I nductively Coupled Plasma-Atoni c Em ssion Spectroscopy- Promn nent
an instrument al

Li nes," EPA-600/4-79-017.
The act ual

limt.

They
net hod detection

vary as the sanple matrix varies.

are given as a
imts are sanpl e dependent and nay

gui de for

H ghly dependent on operating conditions and plasma position
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TABLE 2. EXAVPLE OF ANALYTE CONCENTRATI ON EQUI VALENTS (MZ L) ARl SI NG FROM
| NTERFERENTS AT THE 100 M& L LEVEL

Wavel engt h, Interferent
Anal yt e nm Al Ca Cr Cu Fe My vn Ni Ti V
Al 'um num 308. 215 -- -- -- -- -- -- 0.21 -- -- 1.4
Ant i nony 206. 833 0.47 -- 2.9 -- 0. 08 -- -- -- .25 0.45
Arsenic 193. 696 1.3 -- 0.44  -- -- -- -- -- -- 1.1
Bari um 455. 403 -- -- -- -- -- -- -- -- -- --
Beryllium 313. 042 -- -- -- -- -- -- -- -- 0.04 0.05
Bor on 249.773 0. 04 -- -- -- 0. 32 -- -- -- -- --
Cadm um 226. 502 -- -- -- -- 0. 03 -- -- 0. 02 -- --
Cal ci um 317.933 -- -- 0.08 -- 0.01 0.01 0.04 -- 0.03 0.03
Chr om um 267.716 -- -- -- -- 0.003 -- 0.04 -- -- 0. 04
Cobal t 228.616 -- -- 0.03 -- 0.005 -- -- 0.03 0.15 --
Copper 324,754 -- -- -- -- 0.003 -- -- -- 0.05 0.02
I ron 259. 940 -- -- -- -- -- -- 0.12 -- -- --
Lead 220. 353 0.17 - - -- -- -- -- -- -- -- --
Magnesi um 279. 079 -- 0. 02 0.11 -- 0.13 -- 0.25 -- 0. 07 0.12
Manganese 257. 610 0. 005 - - 0.01 - - 0.002 0.002 - - - - - - - -
Mol ybdenum 202. 030 0. 05 -- -- -- 0. 03 -- -- -- -- --
Ni ckel 231. 604 -- -- -- -- -- -- -- -- -- --
Sel eni um 196. 026 0. 23 -- -- -- 0. 09 -- -- -- -- --
Silicon 288. 158 -- -- 0. 07 -- -- -- -- -- -- 0.01
Sodi um 588. 995 -- -- -- -- -- -- -- -- 0. 08 --
Thal i um 190. 864 0. 30 -- -- -- -- -- -- -- -- --
Vanadi um 292. 402 -- -- 0.05 -- 0.005 -- -- -- 0. 02 --
Zi nc 213. 856 -- -- -- 0. 14 -- -- -- 0.29 -- --
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TABLE 3

| NTERFERENT AND ANALYTE ELEMENTAL CONCENTRATI ONS USED
FOR | NTERFERENCE MEASUREMENTS | N TABLE 2

Anal yt es (rmg/ L) Interferents (rmg/ L)
Al 10 Al 1000
As 10 Ca 1000
B 10 Cr 200
Ba 1 Cu 200
Be 1 Fe 1000
Ca 1 R% 1000
Cd 10 i 200
Co 1 Ni 200
Cr 1 Ti 200
Cu 1 \Y 200
Fe 1
R% 1

1
Mo 10
Na 10
Ni 10
Pb 10
Sh 10
Se 10
Si 1
Tl 10
\ 1
Zn 10
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PART B -

Anal yt e/ Met hod

Anti nony -
Met hod 206
Beryllium- Method 2
Cadm um - Method 213
Chromium - Method 21
Copper - Method 220.
Lead - Method 239.2

Ni ckel - Method 249.
Sel eni um - Met hod 27
Met hod 272.
Met hod 27

Arsenic -

Silver -

Thal I'i um -

*From " Met hods for Chem cal
Metal s-4, as nodified for
Procur enent .

"REAP- M nodi fi ed for the Regi onal

Tabl e of Contents

Met hod 204.2 REAP-M

.2 REAP-M .
10. 2 REAP-M .
.2 REAP-M .
8.2 REAP-M
2 REAP-M
REAP- M

2 REAP-M
0.2 REAP-M
2 REAP-M
9.2 REAP-M

Anal ysi s of Water and Wastes"
use in the Regional

Envi r onnent al

D- 39

Envi r onnent al

Anal yti cal

ATOM C ABSORPTI ON METHODS, FURNACE TECHNI QUE™*

Page No.
D40

D41
D- 43
D44
D45
D46
D47
D49
D-50
D- 52
D-53

( EPA- 600/ 4- 79- 020) ,
Anal yti cal

Procur enent .
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Exhibit D -- Section |V

Part

B - Furnace AA

ANTI MONY ]
Met hod 204.2 REAP-M (Atom c Absorption, Furnace Techni que)

Opti mum Concentration Range: 20-300 ug/L
Approxi mate Detection Limt: 3 ug/L

1.0
1.1

NN N
CUIRWNR O

o

Preparation of Standard Sol ution

Stock solution: Carefully weigh 2.7426 g of antinony potassiumtartrate
E?nalyt|cal reagent grade) and dissolve in deionized distilled water
lute to 1 liter with delonized water. 1 nL =1 ng Sb (1000 ng/L).

Prepare dilutions of the stock solution to be used as calibration
standards at the tinme of analysis. These solutions are also to be used
for method of standard additions.

The cal i bration standards nust be prepared using the sane t¥pe of acid
and at the sane concentration as wll result inthe sanple to be
anal yzed after sanple preparation

| nstrunent Paraneters (General)

[XKing Tinme and Tenp: 30 sec 125°C

Ashing Tine and Teng: 30 sec 800°C.

Atom zing Tinme and Tenp: 10 sec @2700°C.

Purge Gas At nosphere: Argon

Wavel ength: 217.6 nm o )
Qperating paraneters should be set as specified by the particul ar
I nstrunent manufacturer.

Not es

The above concentration values and instrunent conditions are for a

Per ki n- El mer HGA-2100, based on the use of a 20 uL injection, continuous
flow Purge gas and non-pyrolytic graphite and are to be used as
guidelines only. Smaller size furnace devices or those enploying faster
rates of atom zation can be operated using | ower atomni zation
tepPeratures for shorter time periods than the above recommended
settings.

The use of background correction is required.
Ni trogen may al so be used as the purge gas.

If chloride concentration presents a matrix problemor causes a | o0ss
revious to atomization, add an excess 5 ng of ammoniumnitrate to the
urnace and ash using a ranp accessory or with increnmental steps until

t he recomended ashing tenperature is reached.

For ever¥ sanpl e anal yzed, verification is necessary to determine that
nmet hod of standard additions is not required (see Exhibit E)

If nethod of standard additions is required, follow the procedure given
i n Exhi bit

*REAP- M nodi fied for the Regional Environmental Analytical Procurenent.
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ARSENI C
Met hod 206.2 REAP-M (Atom c Absorption, Furnace Techni que)

Opti mum Concentrati on Range: 5-100 ug/L
Approxi mate Detection Limt: 1 ug/L

1.0
1.1

Wwwwww W
CUIRWNRF O

o

Preparati on of Standard Sol ution

Stock solution: Dissolve 1.320 g of arsenic trioxide, As,O; (analytical
reag_ent grade) in 100 nL of deionized distilled water containing 4 g NaCH
Acidify the solution with 20 nL concentrated HNO, and dilute to 1 liter. 1 nL
=1 ng As (1000 ng/1l).

Nickel Nitrate Solution, 5% Dissolve 24.780 g of ACS reagoent gr ade
Ni (NG;) ,-6H,0 i n deioni zed distilled water and nake up to 100 ni.

Ni ckel Nitrate Solution, 1% Dilute 20 nL of the 5%nickel nitrate to 100 nL
with deionized distilled water.

Working Arsenic Solution: Prepare dilutions of the stock solution to be used
as calI'bration standards at the tine of analysis. Wthdraw appropriate
aliquots of the stock solution, and add 1 nL of concentrated , 2 nL of 30%
H0, and 2 nL of the 5%nickel nitrate solution. Dilute to 100 with

dei oni zed distilled water.

Sanpl e Preparation

Add 100 uL of the 5%nickel nitrate solution to 5 nL of the digested sanple.
The sanple is now ready for injection into the furnace.

Note: Another matrix nodifier may be substituted for nickel nitrate if
reconmended b% the instrument manhufacturer. The matrix nodifier used shall be
reported in the SDG Case Narrative.

| nstrunent Paraneters (General)

DrKi ng Time and Tenp: 30 sec %125°C.

Ashing Tine and Ten}])_: 30 sec 1100°C.

Atom zing Tinme and Tenp: 10 sec @2700°C.

Purge Gas At nosphere: Argon

Wavel ength:  193.7 nm o ) )
Qperating paraneters should be set as specified by the particular instrunent
manuf act urer.

Not es

The above concentration values and instrunent conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, purge gas interrupt and non-
pyrolytic graphite. Smaller size furnace devices or those enploying faster
rates of atom zation can be operated using |ower atom zation tenperatures for
shorter tinme periods than the above reconmended settings.

The use of background correction is required. Background correction nmade by
the deuteriumarc nethod does not adequately conpensate for high | evels of
certain interferents (i.e., A, Fe). If conditions occur where significant
interference is suspected, the lab nmust switch to an alternate wavel ength or
take other appropriate actions to conpensate for the interference effects.

For every sanple analyzed, verification is necessary to determ ne that the
nmet hod of standard additions is not required (see Exhibit E).

If nmethod of standard additions is required, follow the procedure given in
Exhi bit E.

The use of the El ectrodel ess Discharge Lanps (EDL) for the light source is
r ecomended.

*REAP- M nodi fied for the Regional Environmental Analytical Procurenent.
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Part

B - Furnace AA

BERYLLI UM
Met hod 210.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentration Range: 1-30 u?lL
Approxi mate Detection Limt: 0.2 ug/L

1
1

w
o

NN N

.0
1

oOUThWNEL O

Preparati on of Standard Sol ution

St ock solution: Dissolve 11.6586 g of berylliumsulfate, BeSQ, in d
distilled water containing 2 nL concentrated nitric acid and dilute t
1 m =1 ng Be (1000 ng/L?.

Prepare dilutions of the stock solution to be used as calibration standards at
the tinme of analysis. These solutions are also to be used for the nethod of
standard additions.

D

ioni zed
llite

o

r.

The calibration standards nmust be prepared using the sanme type of acid and at
the sane concentration as will result in the sanple to be anal yzed after sanple
preparati on.

| nstrunent Paraneters (Ceneral)

DrKi ng Time and Tenp: 30 sec @125°C.

Ashing Tine and Teng: 30 sec @1000°C.

Atonizing Tinme and Tenp: 10 sec @ 2800°C

Purge Gas At nosphere: Argon

Wavel ength: 234.9 nm o ) )
Qoerating paraneters should be set as specified by the particular instrunent
manuf act urer.

Not es

The above concentration values and instrunment conditions are for a Perkin-El mer
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite, and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zati on can be operated
using | ower atomnization tenperatures for shorter tine periods than the above
recomended settings.

The use of background correction is required.

Because of possible chem cal interaction, nitrogen should not be used as a
purge gas.

For every sanpl e analyzed, verification is necessary to determnine that method
of standard addition is not required (see Exhibit Ey.

E;hngtPod of standard additions is required, follow the procedure given in
i bi

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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CADM UM
Met hod 213.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentration Range: 0.5-10 ug/L
Approxi mate Detection Limt: 0.1 ug/L

1.0
1.1

NN N
CUIRWNRE O

w
o

Preparati on of Standard Sol ution

Stock solution: Carefully weigh 2.282 g of cadmi um sul fate, 3 CdSQ,-8H,0

(anal ytical reagent g_radey and di ssolve in deionized distilled water. Mke up

to 1 liter with deionized distilled water. 1 nm. =1 ng Cd (1000 ng/L).

Ammoni um Phosphat e sol ution (40%: Dissolve 40 grans of ammoni um phosphat e,

gNI—li)OZOHFr’T(a4 (anal ytical reagent grade) in deionized distilled water and dilute
o] .

Prepare dilutions of stock cadmi um solution to be used as calibration standards
at the time of analysis. To each 100 nL_ of standard and sanple alike add 2.0
nmL of the ammoni um phosphate sol ution. The calibration standards nust be
prepared using the same type of acid and at the same concentration as wll
result in the sanple to be anal yzed after sanple preparation.

| nstrunent Paraneters (General)

DrKi ng Time and Tenp: 30 sec @125°C.

Ashing Tine and Ten1|3_: 30 sec @500°C.

Atom zing Tinme and Tenp: 10 sec @ 1900°C.

Purge Gas At nosphere: Argon

Wavel ength:  228.8 nm o ) )
Qperating paraneters should be set as specified by the particular instrunent
manuf acturer.

Not es

The above concentration values and instrunent conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite, and are to be used as guidelines only. Snaller size
furnace devices or those enploying faster rates of atonization can be operated
using | ower atomi zation tenperatures for shorter tine periods than the above
recomended settings.

The use of background correction is required.

Contami nation fromthe work area is critical in cadm um analysis. Use pipette
ti ps which are free of cadm um

For every sanple analyzed, verification is nec_es_saré to determ ne that nethod
of standard additions is not required (see Exhibit E).

If method of standard additions is required, follow the procedure given in
Exhibit E.

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Part

B - Furnace AA

CHROM UM
Met hod 218.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentrati on Range: 5-100Lug/L
u

Approxi mate Detection Limt: 1

1.0
1.1
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o

o/

Preparati on of Standard Sol ution

Stock solution: Dissolve 1.923 g of chromumtrioxide (C O, reagent grade) in
dei oni zed distilled water. Wen solution is conplete, acidify with redistilled
H and dilute to 1 liter with deionized distilled water. 1 nL = Cr
(1000 ng/L).

Calcium N trate solution: Dissolve 11.8 granms of calciumnitrate, Ca(ng24+LO
Saﬂﬁlyt58al rgggent grade) in deionized distilled water and dilute to 100 ni.
= n’g .

Prepare dilutions of the stock chrom um solution to be used as calibration
standards at the tinme of analysis. The calibration standards nust be prepared
usi ng the sane type of acid and at the sanme concentration as will result 1 n the
sanple to be analyzed after sanple preparation. To each 100 niL of standard and
sanple alike, add 1 nmL of 30% H,O, and 1 nL of the calciumnitrate sol ution.

| nstrunent Paraneters (General)

[XKing Tinme and Tenp: 30 sec 125°C.

Ashing Tine and Teng: 30 sec 1000°C.

Atom zing Tinme and Tenp: 10 sec @ 2700°C.

Purge Gas At nosphere: Argon

Wavel ength: 357.9 nm o ) )
Qoerating paraneters should be set as specified by the particular instrunent
manuf act urer.

Not es
The above concentration values and instrunent conditions are for a Perkin El ner

HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite, and are to be used as guidelines only.

F%drogen eroxide is added to the acidified solution to convert all chromumto
the trivalent state., Calciumis added to a | evel above 200 ng/L where its
suppressi ve effect beconmes constant up to 1000 ng/L.

Background correction is required.

Ni trogen shoul d not be used as a purge gas because of possible CN band
i nterference.

Pi pette tips have been reported to be a possible source of contamination

For every sanple analyzed, verificationis necessaré to determ ne that nethod
of standard additions is not required (see Exhibit E).

If method of standard additions is required, follow the procedure given in
Exhibit E

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Part B - Furnace AA

COPPER
Met hod 220.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentration Range: 5- 1OOLug/ L
u

Approxi mate Detection Limt: 1

1.0
1.1
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Preparati on of Standard Sol ution

Stock solution: Carefully weigh 100 g of electrolyte copper (analytical )
r eagent 8rade)_. Dissolve in 5 nL redistilled HNO, ‘and nake up to liter with
dei oni zed distilled water. Final concentrationis 1 ng Cu per nL (1000 ng/L).

Prepare dilutions of the stock solution to be used as calibration standards at
tgg_t! nme of analysis. These solutions are also to be used for "standard
additions."

The calibration standards nmust be prepared using the sanme type of acid and at
the sane concentration as will result in the sanple to be anal yzed after sanple
preparati on.

| nstrunent Paraneters (Ceneral)

DrKi ng Tinme and Tenp: 30 sec @ 125°C.

Ashing Tine and Ten}])_: 30 sec @900°C.

Atonizing Time and Tenp: 10 sec @ 2700°C.

Purge Gas At nosphere: Argon

Wavel ength: 324.7 nm o )

O her operating paranmeters should be set as specified by the particul ar
i nstrument manuf acturer.

Not es

The above concentration values and instrunment conditions are for a Perkin-El mer
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite, and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zati on can be operated
using | ower atomnization tenperatures for shorter tine periods than the above
recomended settings.

Background correction is required.
Ni trogen may al so be used as the purge gas.

For every sanple analyzed, verification is necessary to determ ne that nethod
of standard additions is not required (see Exhibit

If nmethod of standard additions is required, follow the procedure given in
Exhi bit E.

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Part

B - Furnace AA

LEAD
Met hod 239.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentrati on Range: 5-100Lug/L
u

Approxi mate Detection Limt: 1

1.0
1.1
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Preparati on of Standard Sol ution

Stock solution: Carefully weigh 1,599 g of lead nitrate, Pb(NG), (anal ytical
reagent grade), and dissolve in deionized distilled water. Wen solution is
conplete, acidify with 10 nL redistilled HNO, and dilute to 1 Liter with

dei oni zed distilled water. 1 nL =1 ng Pb (1000 ng/L).

Lanthanum Nitrate solution: Dissolve 58.64 g of ACS_re%?ent grade La,0;, in 100
gk coggentrﬁted HNO, and dilute to 1000 nL with deionized distilled water. 1
= ng La.

Wirking Lead solution: Prepare dilutions of stock |ead solution to be used as
calibration standards at the tinme of analysis. The calibration standards nust
be prepared using the sane type of acid and at the same concentration as wll
result in the sanple to be anal yzed after sanple preparation, To each 100 nL
of diluted standard add 10 nL of the lanthanumnitrate sol ution

Sanpl e Preparation

Tole?ph 100 nL of prepared sanple solution add 10 nL of the [anthanumnitrate
sol uti on.

Note: Another matrix nodifier may be substituted for |anthanumnitrate if
reconmended bK the instrunent mahufacturer. The matrix nodifier used shall be
reported in the SDG Case Narrative.

| nstrunent Paraneters (Ceneral)

DrKi ng Tinme and Tenp: 30 sec @125°C.

Ashing Tine and Teng: 30 sec @500°C.

Atonizing Tinme and Tenp: 10 sec @2700°C

Purge Gas At nosphere: Argon

Wavel ength: 283.3 nm o ) )
Operating paraneters should be set as specified by the particul ar instrunent
manuf acturer.

Not es

The above concentration values and instrunment conditions are for a Perkin-El mer
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite, and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zati on can be operated
using | ower atomnization tenperatures for shorter tine periods than the above
recomended settings.

The use of background correction is required.

G eater sensitivity can be achieved using the 217.0 nmline, but the optinmm
concentration range is reduced. The use of a |ead el ectrodel ess discharge |anp
at this | ower wavel ength has been found to be advantageous. Al so a |ower

atom zation tenperature (2400°C) nmay be preferred.

To suppress sulfate interference (up to 1500 ppm, |anthanumis added as the
nitrate to both sanples and calibration standards. (Atom c Absorption
Newsl etter Vol. 15, No. 3, p. 71, May-June 1976.)

Si nce gl assware contam nation is a severe problemin | ead anal ysis, al
gl assware shoul d be cleaned i mediately prior to use, and once cl eaned, should
not be open to the atnosphere except en necessary.

For every sanple analyzed, verificationis necessaré to determ ne that nethod
of standard additions is not required (see Exhibit E).

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Part B - Furnace AA

pog of standard additions is required, follow the procedure given in

D47 | REAP-01. 0



Exhibit D -- Section |V

Part

B - Furnace AA

NI CKEL
Met hod 249.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentration Range: 5-50 ug/L
Approxi mate Detection Limt: 1 ug/L

1.0
1.1

NN N
CUIRWNRE O

w
o

Preparati on of Standard Sol ution

Stock solution: Carefully weigh 4.953 g of nickel nitrate, N (NG),6H0
(anal ytical reagent grade), and dissolve in deionized distilled water. When
solution is conplete, acidify with 10 nL of conc. HNO, and dilute to 1 liter
with deionized distilled water. 1 nmL =1 ng Ni (1000 ng/L).

Worki ng Ni ckel solution: Prepare dilutions of stock nickel solution to be used
as calI'bration standards at the tine of analysis. The calibration standards
nmust be prepared using the same type of acid and at the sanme concentration as
will result in the sanple to be anal yzed after sanple preparation.

| nstrunent Paraneters (General)

DrKi ng Time and Tenp: 30 sec @125°C.

Ashing Tine and Ten1|3_: 30 sec @800°C.

Atom zing Tinme and Tenp: 10 sec @2700°C.

Purge Gas At nosphere: Argon

Wavel ength:  232.0 nm o ) )
Qperating paraneters should be set as specified by the particular instrunment
manuf acturer.

Not es

The above concentration values and instrunent conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
Pyrolyt|c graphite, and are to be used as guidelines only. Smaller size

urnace devices or those enploying faster rates of atonization can be operated
using | ower atomi zation tenperatures for shorter tine periods than the above
recomended settings.

The use of background correction is required.
Ni trogen may al so be used as the purge gas.

For every sanpl e analyzed, verification is necessary to deternine that nethod
of standard additions is not required (see Exhibit

If nmethod of standard additions is required, follow the procedure given in
Exhibit E

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Exhi bit D -- Section |V
Part B - Furnace AA

SELENI UM
Met hod 270.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentrati on Range: 5-100Lug/L
u

Approxi mate Detection Limt: 2

1.0
1.1
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Preparati on of Standard Sol ution

St ock Sel eni um sol ution: Dissolve 0.3453 g of selenous acid (actual assay
94. 6% SeQ? in deionized distilled water and nake up to 200 nL. 1 n =1
Se (1000 ng/L).

Nickel Nitrate solution, 5% D ssolve 24.780 g of ACS reagent grade
Ni (NG;),. 6H,O in deionized distilled water and make up to 100 niL.

Ni ckel Nitrate solution, 1% Dilute 20 nL of the 5%nickel nitrate to 100 nL
wi th dei onized distilled water.

gy

Wor ki ng Sel eni um sol ution: Prepare dilutions of the stock solution to be used
as call'bration standards at the tine of analysis. The calibration standards
nust be prepared using the sane type of acid and at the sane concentration as
will result in the sanple to be anal yzed after sanple preparation. Wthdraw
appropriate aliquots of the stock solution, and add 1 nL of concentrated HNG,,
2 nL of 30% HO, and 2 nL of the 5% nickel nitrate solution. Dilute to 100

wi th dei onized distilled water.

Sanpl e Preparation

Add 100 uL of the 5%nickel nitrate solution to 5 nL of the digested sanple.
The sanple is now ready for injection into the furnace.

Note: Another matrix nodifier may be substituted for nickel nitrate if
reconmended b% the instrument manufacturer. The matrix nodifier used shall be
reported in the SDG Case Narrative.

| nstrunent Par aneters

Drying Tinme and Tenp: 30 sec @ 125°C.

Charring Tinme and Tenp: 30 sec @ 1200°C.

Atom zing Tinme and Tenp: 10 sec @ 2700°C.

Purge Gas At nosphere: Argon

Wavel ength: 196.0 nm o ) )
Qperating paraneters should be set as specified by the particular instrunent
manuf act urer.

Not es

The above concentration values and instrunent conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, purge gas interrupt and non-
Pyrolyt|c graphite, and are to be used as guidelines only. Smaller size

urnace devices or those enploying faster rates of atom zati on can be operated
using | ower atomi zation tenperatures for shorter tine periods than the above
recomended settings.

The use of background correction is required. Background correction nade by
the deuteriumarc nethod does not adequately conpensate for high |evels of
certain interferents (i.e., , . If conditions occur where significant
interference is suspected, the lab nust switch to an alternate wavel ength or
take other appropriate actions to conpensate for the interference effects.

Sel eni um anal ysis suffers interference fromchlorides (>800 ng/L) and sulfate
(>200 ng/L). "For the analysis of industrial effluents and sanples with
concentrations of sulfate from 200 to 2000 ng/L, both sanples and standards
shoul d be prepared to contain 1% ni ckel

For every sanpl e anal yzed, verification is necessary to deternine that nethod
of standard additions is not required (see Exhibit

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Exhibit D -- Section |V

Part

5

6

B - Furnace AA

E;hnEtPod of standard additions is required, follow the procedure given in
i bi

The use of the El ectrodel ess Di scharge Lanp (EDL) for the |ight source is
reconmended.
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Exhi bit D -- Section |V
Part B - Furnace AA

S| LVER
Met hod 272.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentration Range: 1-25 u?l L
Approxi mate Detection Limt: 0.2 ug/L

1.
1.
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Preparati on of Standard Sol ution

St ock solution; Dissolve 1.575 % of AgNQO, (anal ytical reagent grade) in
dei oni zed distilled water. Add 10 nL of concentrated HNO, and nmake up to 1
liter. 1 nm =1 ng Ag (1000 ng/L).

Prepare dilutions of the stock solution to be used as calibration standards at
the tinme of analysis. These solutions are also to be used for nethod of
standard additions.

The calibration standards nmust be prepared using the sanme type of acid and at
the sane concentration as will result in the sanple to be anal yzed after sanple
preparati on.

| nstrunent Paraneters (Ceneral)

DrKi ng Tinme and Tenp: 30 sec @ 125°C.

Ashing Tine and Ten}])_: 30 sec @400°C.

Atonizing Time and Tenp: 10 sec @ 2700°C.

Purge Gas At nosphere: Argon

Wavel ength: 328.1 nm o ) )
Operating paraneters should be set as specified by the particular instrunent
manuf acturer.

Not es

The above concentration values and instrunment conditions are for a Perkin-El mer
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atomnization tenperatures for shorter tine periods than the above
recomended settings.

The use of background correction is required.
The use of halide acids should be avoi ded.

|f absorption to container walls or formation of Agd is suspected, see Exhibit
D, Part C, Atomic Absorption Methods, Flane Techni que.

For every sanple analyzed, verification is nec_es_saré to determ ne that nethod
of standard additions is not required (see Exhibit E).

If method of standard additions is required, follow the procedure given in
Exhibit E.

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Exhibit D -- Section |V

Part

B - Furnace AA

THALLI UM
Met hod 279.2 REAP-M (Atomi c Absorption, Furnace Techni que)

Opti mum Concentration Range: 5- 1OOLug/ L
u

Approxi mate Detection Limt: 1

1.0
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Preparati on of Standard Sol ution

Stock solution: Dissolve 1.303 g of thalliumnitrate, TING, (analytical
reagent grade) in deionized distilled water. Add 10 nL of concentrated nitric
acid and dilute to 1 liter with deionized distilled water. 1 nmL =1 ng TI
(1000 ng/L).

Prepare dilutions of the stock solution to be used as calibration standards at
the tinme of analysis. These solutions are also to be used for nethod of
standard additions.

The calibration standards nust be prepared using the sanme type of acid and at
the sanme concentration as will result in the sanple to be anal yzed after sanple
pr eparation.

| nstrunent Paraneters (Ceneral)

DrKi ng Tinme and Tenp: 30 sec 125°C.

Ashing Tinme and Ten1|3_: 30 sec 400°C.

Atonizing Time and Tenp: 10 sec @ 2400°C.

Purge Gas At nosphere: Argon

Wavel ength: 276.8 nm o ) )
Qoerating paraneters should be set as specified by the particular instrunent
manuf act urer.

Not es

The above concentration values and instrunent conditions are for a Perkin-El ner
HGA- 2100, based on the use of a 20 uL injection, continuous flow purge gas and
non-pyrolytic graphite and are to be used as guidelines only. Smaller size
furnace devices or those enploying faster rates of atom zation can be operated
using | ower atonization tenperatures for shorter tine periods than the above
recomended settings.

The use of background correction is required.
Ni trogen may al so be used as the purge gas.

For every sanpl e analyzed, verification is necessary to determnine that method
of standard additions is not required (see Exhibit

:E;hngt Pod of standard additions is required, follow the procedure given in
i bi

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Exhi bit D -- Section |V

Part B - Furnace AA

PART C - ATOM C ABSCRPTI ON METHODS, FLAME TECHNI QUE'

Anal yt e/ Met hod

Tabl e of Contents

Page No.
Cal cium - Method 215.1 REAP-M
Magnesi um - ©Met hod 242. 1 REAP-M.
Pot assi um - Method 258.1 REAP-M .
Sodi um - Method 273.1 REAP-M.

*From "InterimMethods for the Sanpling and Analysis of Priority Pollutants

in Sedinents and Fish Tissue," USEPA EMSBL, Cincinnati,
Revi sed COctober 1980, as nodified for

Anal yti cal Procurenent.
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Envi r onnent al
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Exhibit D -- Section |V
Part C - Flane AA

CALCI UM
Met hod 215.1 REAP-M (Atomi c Absorption, Flanme Techni que)

Opti mum Concentration Range: 0.2-7 ng/L using a wavel ength of 422.7 nm
Sen3|t!V|t{; ~0.08 ng/L
Detection Limt: 0.01 ng/L

1
1
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Preparati on of Standard Sol ution

St ock Sol ution: Suspend 1.250 g of CaCQO;, (ana
180°C for 1 hour before me|?h|n?, in deioni zed
cautiously with a mininumof dilute HJ. Dilu
distilled water. 1 nL = 0.5 ng Ca (500 ng/L).

Lant hanum chl ori de solution: Dissolve 29 g of La,0, slowy and in snall
portions, in 250 nmL concentrated HO (Caution: Reaction iS violent) and dilute
to 500 nmL with deionized distilled water.

ytical reagent grade), dried at
distilled water and dissol ve
e

te to 1000 nL with deioni zed

Prepare dilutions of the stock cal ciumsolution to be used as calibration
standards at the tinme of analysis. To each 10 nL of calibration standard and
sanple alike add 1.0 nL of the |anthanum chloride solution, i.e., 20 nL of
standard or sanple + 2 nL Lad; = 22 nlL.

| nstrunental Paraneters (CGeneral)

Cal ci um hol | ow cat hode | anp
Wavel ength: 422.7 nm

Fuel : cetyl ene

Oxidant: Ar )

Type of flane: Reducing

Not es

Phosphate, sulfate and alumnuminterfere but are masked by the addition of

| ant hanum  Because | ow cal ciumvalues result if the pH of the sanple is above
7, both standards and sanples are prepared in dilute %drochlorlc acid
solution. Concentrations of nmagnesiumgreater than 1000 ng/L al so cause | ow
cal ciumvalues. Concentrations of up to 500 ng/L each of sodium potassium and
nitrate cause no interference.

Ani oni c chemi cal interferences can be expected if lanthanumis not used in
sanpl es and st andards.

The nitrous oxide-acetylene flame will provide two to five tines greater
sensitivity and freedomfrom chemical interferences. |lonization Interferences
shoul d be controlled by adding a | arge anmount of alkali to the sanple and
standards. The anal ysis appears to be free from chemical suppressions in the
ni trous oxide-acetylene flame. (Atom c Absorption Newsletter 14, 29 [1975])

128 239.9 nmline my al so be used. This line has a relative sensitivity of

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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MAGNESI UM
Met hod 242.1 REAP-M (Atom c Absorption, Flanme Techni que)

Opti mum Concentration Range: 0.02-0.5 ng/L using a wavel ength of 285.2 nm
SenSIt!VItK; ~0.007 ng/L
Detection Limt: 0.001 ng/L

1
1
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Preparati on of Standard Sol ution

Stock Solution: Dissolve 0,829 a of nmagnesi um oxi de, MO (anal ytical reagent
rade?, in 10 nL of redistilled HNO, and dilute to 1 liter w th deionized
istilled water. 1 nL = 0.50 mg My (500 ng/L).

Lant hanum chl ori de solution: Dissolve 29 g of La,0, slowy and in snall
portions in 250 nL concentrated HCl (Caution: Reaction is violent), and dilute
to 500 nL with deionized distilled water.

Prepare dilutions of the stock nagnesi um solution to be used as calibration
standards at the tinme of analysis. To each 10 nL volune of calibration
tion, i.e.

standard and sanple alike add 1.0 nL of the |anthanum chloride solu
20 nmL of standard or sanmple + 2 nL Lad; = 22 nlL.

| nstrunental Paraneters (CGeneral)

Magnesi um hol | ow cat hode | anmp
Wavel ength:  285.2 nm

Fuel : cetyl ene

Oxidant: Ar o

Type of flane: Oxidizing

Not es

The interference caused by alum num at concentrations greater than 2 ng/L is
masked by addition of |anthanum Sodium BotaSS|un1an cal ci um cause no
i nterference at concentrations |ess than 400 ng/L.

The 202.5nmline may also be used. This line has a relative sensitivity of 25.

To cover the range of magnesium val ues nornmally observed in surface waters
(0.1-20 ng/LL, it is suggested that either the 202.5 nmline be used or the
burner head be rotated. A 90° rotation of the burner head will produce
approxi nately one-ei ghth the normal sensitivity.

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Exhibit D -- Section |V
Part C - Flane AA

POTASSI UM
Met hod 258.1 REAP-M (Atom c Absorption, Flanme Techni que)

Opti mum Concentration Range: 0.1-2 ng/L using a wavel ength of 766.5 nm
Sen3|t!V|t{; ~0.04 ng/L
Detection Limt: 0.01 ng/L

1
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Preparati on of Standard Sol ution

Stock Solution: Dissolve 0.1907 g of KO (analytical reagent grade&, dried at
%%SSC, vE)de|on|zed distilled water and nake up'to 1 liter. 1 nL = 0.10 ng K
ng/L).

Prepare dilutions of the stock solution to be used as calibration standards at
the tinme of analysis. The calibration standards should be prepared using the
sane type of acid and at the same concentration as will result in the sanple to
be analyzed either directly or after processing.

I nstrunental Paraneters (CGeneral)

Pot assi um hol | ow cat hode | anp
Wavel ength:  766.5 nm

Fuel : cetyl ene

Oxi dant : r ) o
Type of flane: Slightly oxidizing

Not es

In air-acetyl ene or other high tenﬁeratpre fl ames (>2800°C), potassium can
experience partial ionization which indirectly affects absorption sensitivity.
The presence of other alkali salts in the sanple can reduce this ionization and
t hereby enhance anal ytical results. The ionization suppressive effect of
sodiumis small if the ratio of Na to Kis under 10. Any enhancenent due to
sodi um can be stabilized by addi ng excess sodi um (1000 ug/nmL) to both sanple
and standard solutions. If nore stringent control of ionization is required,
the addition of cesiumshould be considered. Reagent blanks nust be anal yzed
to correct for potassiuminpurities in the buffer zone.

EBS 404.4 nmline nay also be used. This Iine has a relative sensitivity of
To cover the range of potassiumvalues normally observed in surface waters

(0.1-20 ng/L), it is suggested that the burner head be rotated. A 90° rotation
of the burner head provides approxi mately one-eighth the normal sensitivity.

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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SCDI UM
Met hod 273.1 REAP-M (Atomi c Absorption, Flanme Techni que)

Opti mum Concentration Range: 0.03-1 ng/L using a wavel ength of 589.6 nm
SenSIt!VItK; ~0.015 ng/L
Detection Limt: 0.002 ng/L
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Preparation of Standard Sol utions

Stock Solution: Dissolve 2.542 g of NaC (analytical reagent grade), dried at
%iggg, |?L?e|on|zed distilled water and make up'to 1 liter. 1 nL = 1 ng Na
ng .

Prepare dilutions of the stock solution to be used as calibration standards at
the tinme of analysis. The calibration standards should be prepared using the
sanme type of acid and at the sanme concentration as will result in the sanple to
be analyzed either directly or after processing.

| nstrunental Paraneters (CGeneral)

Sodi um hol | ow cat hode | anmp
Wavel ength: 589.6 nm

Fuel : cetyl ene

Oxidant: Ar o
Type of flane: xidizing

Not es
The 330.2 nmresonance |ine of sodium which has ?

provi des a convenient way to avoid the need to d
sol utions of sodium

relative sensitivity of 185,
ute nore concentrated

Lowtenperature flames increase sensitivitY by reducing the extent of
ioni zation of this easily ionized netal. oni zation may al so be controlled by
addi ng potassi um (1000 ng/L) to both standards and sanpl es.

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Exhibit D -- Section |V
Part C - Flane AA

PART D - COLD VAPOR METHODS FOR MERCURY ANALYSI S

Tabl e of Contents

Met hod Page No.
Mercury Anal ysis in Agueous Sanpl es I\/bdl um and Low Level ) by

Manual ~ Col d Vapor Techni que, Method 245.1 REAP-M Coe D 60
Mer cury Anal y5| s in A_cllueous Sanpl es (Medi um and Low Level ) by

Aut omat ed d Vapor Techni que, Method 245.2 REAP-M. G D 65
Mercury_ Anal ysis in Soil/Sedi nent/Solid Sanpl es by Manual Col d

Vapor Techni que, Method 245.5 REAP-M Ce e e D 68
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Exhibit D -- Section IV
Part D - Cold Vapor AA

MERCURY ANALYSIS IN AQUEOUS SAMPLES (MEDIUM AND LOW LEVEL)
BY MANUAL COLD VAPOR TECHNIQUE

MVERCURY _
Met hod 245.1 REAP-M (Manual Col d Vapor Techni que)

Scope and Application

In addition to inorganic forms of nercury, organic nercurials may al so be
present. These organo-nercury conmpounds w |l not resEond to the cold vapor
atom c_absorption technique unless they are first broken down and converted to
nmercuric ions. Potassium pernmanganate oxi di zes many of these conpounds, but
recent studi es have shown that a nunmber of organic nercurials, including
phenyl nercuric acetate and nethyl nercuric chloride, are only partially
oxi di zed by this reagent. Potassium persulfate has been found to give
aﬁprOX|nater 100% recovery when used as the oxidant with these conpounds.
Therefore, a persulfate oxidation step following the addition of the )

per manganat e has been included to ensure that or?ano-nercury conmpounds, if
present, will be oxidized to the nmercuric ion before neasurenent. A heat step
Is required for methyl nercuric chloride when present in, or spiked to, a
natural system

This nethod is applicable to the analysis of nercury in Mediumand Low Level
aqueous sanples. Detection limts vary dePendlng on the instrunent
configuration and sel ected operating conditions. The range of the nethod may
be varied through instrunment and/or recorder expansion

If additional sensitivity is required, then a |arger sanple volune, up to 200
nm., with recorder expansion may be used provided that the instrunent does not
roduce undue noi se. The Contractor nust achieve and denpnstrate a steady
aseline and neet all QAN QC requirenents as specified in Exhibit E. The

nmet hod detection Ilimt study, as specified in Exhibit E, nust be perforned
under the sane conditions used for sanple preparati on and anal ysi s.

Summary of Met hod

The fl amel ess AA erocedure is a physical method based on the absorption of
radi ation at 253.7 nmby mercury vapor. O ganic mercury conpounds are
oxi di zed and the nmercury is reduced to the elenental state and aerated from
solution in a closed system The nmercury vapor Passes t hrough a cel
positioned in the Iight path of an atomi c absorption spectrophotoneter.
Absor bance (peak height) is nmeasured as a function of microgranms of nercury.

A 100 nmL sanple volune is used for Mediumand Low Level aqueous sanples. |If
the Contractor cannot achieve the Low Level CRQL using a 100 nL sanpl e vol une,
then a 200 nL sanple volune with recorder expansion may be used to achieve the
Low Level CRQ requirenments. However, all reagents nust be added to the
sanpl e proportionately.

Sanpl e Handling and Preservation

Sanpl es are preserved by acidification with nitric acid to a pH of 2 or |ower
i Mmediately at the time of collection (Exhibit D, Section I1I).

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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I nterference

Possi bl e interference fromsulfide is elimnated b¥ the addition of pota
per manganate. Concentrations as high as 20 ng/L of sulfide as sodium su
do not interfere with the recovery of added inorganic nercury fromdisti
wat er (Exhibit D, Section I1).

Copper has al so been reported to interfere; however, copper concentrations as
high as 10 ng/L had no effect on the recovery of nercury from spi ked sanpl es.

um
de
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Sea waters, brines and industrial effluents high in chlorides require
addi ti onal pernmanganate (as much as 25 nlL). During the oxidation step,
chlorides are converted to free chlorine which will also absorb radiation at
253 nm Care nust be taken to assure that free chlorine is absent before the
nmercury is reduced and swept into the cell. This may be acconplished by using
an excess of hydroxxlan1ne sul fate reagent (25 nL). "Both inorganic and
organic mercury spikes have been quantitatively recovered fromthe sea water
usi ng this technique.

Appar at us

At omi ¢ absorption spectrophotoneter: (See Note 1.) Any atom c absorption
uni t having an open sanple ﬁresentatlon area in which to nount the absorption
cell is surtable. Follow the instrument settings recommended by the
particul ar manufacturer.

NOTE 1: Instrunents designed specifically for the neasurenent of nercury
usi ng the col d vapor techni que are.conner0|aII% avai | abl e and may be
substituted for the atom c absorption spectrophotoneter.

Mercury hol | ow cat hode | anp: Westinghouse W.-22847, argon filled, or
equi val ent .

Recorder: Any nulti-range variable speed recorder that is conpatible with the
UV detection systemis suitable.

Absorption cell: Standard spectrophotoneter cells 10 cnwlon?, havi ng quartz
end w ndows may be used. Suitable cells may be constructed from pl exi gl ass
tubing, 1" OD. X 4-1/2". The ends are ground perpendicular to the

| ongi tudi nal axis and quartz w ndows (1" di anmeter 1/16" thickness) are
cenented in place. The cell is strapped to a burner for support and aligned
in the light beam by use of two 2" by 2" cards. One inch dianmeter holes are
cut in the mddle of each card; the cards are then placed over each end of the
cell. The cell is then positioned and adjusted vertically and horizontally to
find the maxi mumtransnittance

Air punp: Any peristaltic punF capabl e of delivering 1 liter of air per
m nut e nag be used. A Masterflex punmp with electronic speed control has been
found to be satisfactory.

Fl owmreter: Capable of neasuring an air flow of 1 liter per mnute.

Aeration tubing: A straight glass frit having a coarse porosity. Tygon
tubing is used for passage of the nercury vapor fromthe sanple bottle to the
absorption cell and return.

[XyinP tube: A 6" X 3/4" dianeter tube containing 20 g of magnesi um
perchlorate (see Note 2).

NOTE 2: In place of the magnesi um perchlorate drying tube, a small reading
lamp with 60Wbulb may be used to prevent condensation of noisture inside the
cell. The lanp is positioned to shine on the absorption cell maintaining the

air tenperature in the cell about 10°C above anbient.
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Exhibit D -- Section IV
Part D - Cold Vapor AA

Reagent s
Sul furic acid, concentrated: Reagent grade.

Fu{furic acid, 0.5 N Dilute 14.0 nL of concentrated sulfuric acid to 1.0
iter.

Nitric acid, concentrated: Reagent grade of |ow nercury content (see Note 3).

NOTE 3: If a high reagent blank is obtained, it nmay be necessary to distil
the nitric acid or use a higher purity acid.
furic acid.

Stannous sulfate: Add 25 g stannous sulfate to 250 nmL of 0.5 N sul
This m xture is a suspension and should be stirred continuously during use.
(Stannous chl oride may be used in place of stannous sul fate.)

Sodi um chl ori de- hydr oxyl ami ne sulfate solution: Dissolve 12 g of sodi um
chloride and 12 g of hydroxylanm ne sulfate in distilled water and dilute to
10an%. )(Fydroxylan1ne hydr ochl ori de may be used in place of hydroxyl an ne
sul fat e.

Potassiunwpernan?anate (KMQ,), 5% (W v) solution: Dissolve 5 g of potassium
permanganate in 100 nL of distilled water.

Pot assi um persul fate, 5% (wv) solution: Dissolve 5 g of potassium persulfate
in 100 nL of distilled water.

Stock nercury solution: Dissolve 0.1354 g of nercuric chloride in 75 nL of
distilled water. Add 10 nL of concentrated nitric acid and adjust the vol une
to 100.0 nL. (1 nL =1 ng Hy.)

Worki ng mercury solution: Mke successive dilutions of the stock nmercury
solution to obtain a working standard containing 0.1 ug per nL. This working
standard and the dilutions of the stock mercury solution should be prepared
fresh daily. Acidity of the working standard should be maintained at 0.15%
nitric acid. This acid should be added to the flask as needed before the
addition of the aliquot.

Cali bration Procedure

Prepare a minimum of five standards and a bl ank by pipetting suitable vol unes
of the working nercury standard sol ution (Section 6.8? to a series of 300 nL
BC[)FottIes. NOTE: ©One calibration standard nust be at the CRQL in the
sanpl e.

For Medi um Level waters: Transfer 0, 0.2, 0.5, 1.0, 5.0 and 10.0 nL
aliquots of the working nmercury solution containing O, 0.02, 0.05, 0.1,
0.5, and 1.0 ug of nmercury to a series of 300 nL BOD bottles. Add enough
distilled water to each bottle to nake a total volune of 100 ni.

For Low Level waters: Transfer O, 0.1, 0.5, 1.0, 5.0, and 10.0 nL aliguots
of the working nercury solution containing 0, 0.01, 0.05, 0.1, 0.5, and 1.0
Mg nmercury to a series of 300 nL bottles. Add enough distilled water to
each bottle to nake a total volunme of 100 nL. (If a sanple volume [|arger
than 100 nL but no greater than 200 nL is used, then the appropriate

al i quot vol unes nust be added.)

M x thoroughly and add 5 nL of concentrated sulfuric acid and 2.5 nL of )
concentrated nitric acid to each bottle. Add 15 nL of 5% (wv) KMO, (Section
6.5) solution to each bottle and allow to stand at |least 15 minhutes. Add 8 niL
of 5% (wv) potassium persulfate (Section 6.6) to each bottle and heat for 2
hours in a water bath maintained at 95°C. Alternatively, cover the BOD
bottles with foil and heat in an autoclave for 15 minutes at 120°C and 15 PSI
Cool and add 6 nlL of sodium chloride-hydroxyl anmine sulfate solution (6.4) to
reduce the excess permanganate. Wen the solution has been decol orized wait
30 seconds, add 5 nL of the stannous sulfate solution (6.3) and i medi ately.
attach the bottle to the aeration apparatus formng a closed system At this
point the sanple is allowed to stand quietly w thout nmanual agitation

The circul ating Punp, whi ch has previously been adjusted to a rate of 1 liter
per minute, is allowed to run continuously (see Note 4). The absorbance w ||
I ncrease and reach maxi numw thin 30 seconds. As soon as the recorder pen

| evel s of f, aPprOX|nateI 1 minute, open the bypass valve and continue the
aeration until the absorbance returns to its mninmumval ue (see Note 5).

Cl ose the bypass valve, renpve the stopper and frit fromthe BOD bottle and
conti nue the aeration.
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NOTE 4: An open system where the nmercury vapor is passed through the
absorption cell only once may be used instead of the closed system

NOTE 5: Because of the toxic nature of nErcur% vapor precaution nust be taken

to avoid its inhalation. Therefore, a bypass has been included in the system

to either vent the mercury vapor into an exhaust hood or pass the vapor

t hrough sone absorbi ng nedi a, such as equal volunmes of 0.1 M KWiQ,, and 10%
SO, or 0.25% iodine in a 3%a KI solution. A specially treated charcoal

that will adsorb nmercury vapor is comercially avail abl e.

Proceed with the standards and performa |inear regression of standard
absor bance (or peak height) vs. mcrograns of nercury.

Sanpl e Analysis Procedure
Transfer 100 niL, or an aliquot diluted to 100 nL (see Note 6), to a 300 nL BCD

bottle. (If a larger sanple volune is used, but no greater than 200 nlL, then
all reagents nust be added to the sanple proportionately.)

NOTE 6: All sanples nust initially be analyzed undiluted. Wen the nmercury
concentration exceeds the highest calibration standard, appropriate dilution
i.e., an aliquot diluted to volune (but not bel ow the CRCE?, and reanal ysi s of
the sanple are required

Add 5 nL of concentrated sulfuric acid and 2.5 nL of concentrated nitric acid
m xing after each addition. Add 15 nL of 5% (w v) potassi um pernanganate
solutron (Section 6.5) to each sanple bottle (see Note 7). For sewage sanples
addi tional pernmanganate may be required. Shake and add additional portions of
ot assi um per manganate sol ution, if necessary, until the purple color persists
or at least 15 nminutes. Add 8 nL of 5% (w V) potassium persulfate (Section
6.6) to each bottle and heat for 2 hours in a water bath at 95°C.

NOTE 7: The sane anount of KWhQ, added to the sanples should be present in
standards and bl anks.

Cool and add 6 nL of sodium chloride-hydroxylam ne sulfate (6.4) to reduce the
excess permanganate (see Note 8). Purge the headspace in the BOD bottle for
at least 1 nmnute and add 5 nL of stannous sulfate (6.3) and |nned|atelg )
attach the bottle to the aeration apparatus. Continue as described in Section

7.4 under Calibration Procedure.
NOTE 8: Add reductant in 6 niL increnents until KWhQ, is conpletely reduced

Cal cul ati ons

Usi ng the absorbance (or peak height) of the analytical sanple, determne the
”LCFOQ{QEB of mercury in that sanple using the |ihear regression equation from
the calibration.

Cal cul ate the nercury concentration in the sanple using Equation 1
EQ 1,

ug Hg, curve 1000 mL
aliquot volume, mL 1L

ug Ho/ L =

Quality Control
Quality control shall be performed as specified in Exhibit E

Appendi x

If additional sensitivity is required, a 200 nL sanple with recorder expansion
may be used provided the instrunment does not produce undue noi se. U$IHP a

Col eman MAS-50 with a drying tube of magnesi um perchlorate and a variable
recorder, and a 200 nL sanple volume for additional sensitivity, a 2 nv was
set to read full scale. Wth these conditions, and distilled water sol utions
of mercuric chloride at concentrations of 0,15, 0.10, 0.05 and 0.025 ug/L, the
standard devi ati ons were *0.027, *0.0006, +0.01 and +0.004. Percent
recoveries at these levels were 107, 83, 84 and 96% respectively.

Directions for the disposal of nercury-containing wastes are given in ASTM
St andards, Part 31, "Water," p. 349, t hod D3223 (1976).
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MERCURY ANALYSIS IN AQUEOUS SAMPLES (MEDIUM AND LOW LEVEL)
BY AUTOMATED COLD VAPOR TECHNIQUE

MERCURY )
Met hod 245.2 REAP-M (Automated Col d Vapor Techni que)

Scope and Application

In addition to inorganic forns of mercury, organic nercurials may also be
present. These organo-nercury conpounds will not respond to the flaneless
atoni c_absorption technique unless they are first broken down and converted to
nmercuric ions. Potassium pernmanganate” oxi di zes many of these conpounds, but
recent studi es have shown that a nunber of organic nercurials, including
phenyl nercuric acetate and nmethyl mercuric chloride, are only partially
oxi di zed by this reagent. Potassium persulfate has been found to give
aRprOX|nater 100% recovery when used as the oxidant with these conpounds.
Therefore, an automated persul fate oxidation step follomnn% t he aut onat ed
addi tion of the permanganate has been included to ensure that organo-nmercury
conpounds, if present, will be oxidized to the nmercuric ion before

nmeasur enent .

This nethod is applicable to the analysis of nercury in Mediumand Low Leve
agqueous sanples. Detection limts vary dependi ng oh the instrunent
configuration and sel ected operating conditions. |If the Low Level

requi renents cannot be achi eved using this nethod, then the Contractor nust
use the manual col d vapor technique.

Summary of Met hod

The fl amel ess AA erocedure is a physical nmethod based on the absorption of
radiation at 253.7 nmby mercury vapor. The mercury is reduced to the

el enmental state and aerated fromsolution. The nmercury vapor passes through a
cel | BOS|t|oned in the light path of an atomc absorPtlon spectrophot onet er.
Absor bance (peak height) I's nmeasured as a function of mercury concentration

Sanpl e Handli ng and Preservation

Sanpl es are preserved by acidification with nitric acid to a pH of 2 or |ower
iMmediately at the time of collection (Exhibit D, Section I1I).

Interferences (see NOTE 1)

Sone sea waters and waste-waters h

$ S gh in chlorides have shown a positive
i nterference, probably due to the for

i
formati on of free chlorine.

Formati on of a heavy precipitate, in sonme wastewaters and effluents, has been

reported upon addition of concentrated sulfuric acid. |If this is encountered,
t he probl em sanpl e cannot be anal yzed by this nethod.

Sanpl es contai ning solids nmust be bl ended and then mnixed while being sanpled
if total mercury values are to be reported.

NOTE 1: Al of the above interferences can be overcome by use of the Minua
Mer cury met hod.

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Exhibit D -- Section IV
Part D - Cold Vapor AA

Appar at us

Techni con Aut o Anal yzer or equival ent instrumentation consisting of:
Sanpler Il with provision for sanple mxing.
Mani f ol d.

Proportioning Punmp Il or I11.

Hi?h tengerature heating bath with two distillation coils (Technicon Part
#116-0163) in series.

Vapor-1iquid separator.
Absorption cell, 100 nmlong, 10 mmdianeter with quartz w ndows.

At omi ¢ absorption sPectrophotonEter (see_hbte_ZL: Any atomic absorption unit
havi ng an open sanple presentation area in which to nount the absorption cel

is suitable. Instrunent settings recomended by the particul ar manufacturer

shoul d be foll owed.

NOTE 2: Instrunents designed specifically for the neasurenent of nercury
usi ng the col d vapor technique are.connerC|aII% avai |l abl e and may be
substituted for the atomi c absorption spectrophotoneter.

hkrpurY hol | ow cat hode | anp: Westinghouse W.-22847, argon filled, or
equi val ent .

Recorder: Any nulti-range variable speed recorder that is conpatible with the
UV detection systemis suitable.

Reagent s
Sul furic Acid, concentrated: Reagent grade

Sulfuric acid, 2 NN Dilute 56 nL of concentrated sulfuric acid to 1 liter
wth distilled water.

Sul furic acid, 10% (v/v): Dilute 100 nL concentrated sulfuric acid to 1
liter with distilled water

Nitric acid, concentrated: Reagent grade of |ow nercury content.

Nitric Acid, 0.5% (v/v) wash solution: Dilute 5 nL of concentrated nitric
acid to 1 liter with distilled water.

St annous Sul fate &See Note 3): Add 50 g stannous sulfate to 500 nmL of 2 N
sul furic acid (6.1.1). This mixture is a suspension and should be stirred
conti nuously during use.

NOTE 3: Stannous chloride nmay be used in place of stannous sulfate.

Sodi um chl ori de- hydroxyl am ne sulfate (See Note 4) Solution: Dissolve 30 g of
FQ?IUH]Ch|OrIde and 30 g of hydroxylamne sulfate in distilled water to 1
iter.

h(?? 4: Hydroxyl am ne hydrochl ori de may be used in place of hydroxyl am ne
sul f at e.

Pot assi um per manganate (KMhQ,), 0.5% (w v) solution: Dissolve 5 g of
pot assi um permanganate in 1 l'iter of distilled water.

um permanganate, 0.1 N Dissolve 3.16 g of potassi um pernanganate in

Pot assi , i
Iled water and dilute to 1 liter

di sti
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mly? solution: Dissolve 5 g of potassium

(
persulfate in 1 Ii f stilled water.
s

Pot assi um persul fate, 0.5%

iter of di
Stock nercury solution: Dissolve 0.1354 g of nercuric chloride in 75 nL of
distilled water. Add 10 nL of concentrated nitric acid and adjust the vol une
to 100.0 nL. 1.0 nL = 1.0 nmy Hy

Wor ki ng nercury solution: Mke successive dilutions of the stock nmercury
solution (Section 6.8) to obtain a mork|n? standard containing 0.1 ug per nmi.
Thi s working standard and the dilutions of the stock nercury solution should
be prepared fresh daily. Acidity of the working standard shoul d be naintained
at 0.15%nnitric acid. ~This acid should be added to the flask as needed before
the addition of the aliquot. Fromthis solution, pre8are st andar ds cont ai ni ng
mercury in the followi ng recommrended concentrations: 0.1 or 0.2 (depending on
the CRQL level), 0.5, , 2.0, 5.0, 10.0, 15.0 and 20.0 ug Hg/L.

Air scrubber solution: M x equal volunmes of 0.1 N potassium pernmanganate
(Section 6.6) and 10% sul furic acid (Section 6.1.2).

Procedure (See Note 5)
Set up the mani fold as recomended by the manufacturer

Feedi ng all the reagents through the s¥sten1mjth.acid wash sol ution (Section
6.2.1) through the sanple line. Adjust the heating bath to 105°C

Turn on the atom c absorption spectrophotoneter and adjust instrunent settings
as reconmended by the nmanufacturer. Aign the absorption cell in the |ight
path for maxi mumtransmittance and place the heat lanp directly over the
absorption cell

Arrange working nercury standards fromO to 20.0 ug Hg/L in the sanpler and

start sanplinP. NOTE: © One calibration standard nust be at the in the
sanple. Conplete |oading the sanple tray with sanpl es.

After the analysis is conplete, put all lines except the HSO, line in )
distilled water to wash out system After flushing, wash out the HSO, |ine.
Al'so flush the coils in the high tenperature heating bath by_punPln st annous
sul fate (Section 6.3) through the sanple lines followed by distilled water.
This will prevent bulld-up of oxides of nanganese.

NOTE 5: Because of the toxic nature of nercury vapor, precaution nust be
taken to avoid its inhalation. Venting the mercury vapor into an exhaust hood
or RﬁSSIn t he vapor through sone absorbing nedia such as equal volunes of 0.1
N KWMnQ, (Section 6.6) and 1096FLSQ4$Sect|on 6.1.2), or 0.25%iodine in a 3%Kil
solution, is recommended. A specially treated charcoal that will absorb
mercury vapor is also avail able.

Cal cul ati ons

Performa |inear regression of standard absorbance (or peak height) vs. pg of
Hg/L. Use the linear regression equation to determ ne the concentration of
nercury in field and QC sanpl es.

If sanples were diluted for analysis, multiply the results obtained fromthe
linear regression by the dilution factor

Quality Control
Quality control shall be performed as specified in Exhibit E
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Part D - Cold Vapor AA

MERCURY ANALYSIS IN SOIL/SEDIMENT/SOLID SAMPLES
BY MANUAL COLD VAPOR TECHNIQUE

MVERCURY _
Met hod 245.5 REAP-M (Manual Col d Vapor Techni que)
.0 Scope and Application

ganic and inorganic) in soils,

This procedure nmeasures total nercury (or
type materials.

r
sedi nents, bottom deposits and sl udge

.2 The range of the nmethod is 0.1 to 5 ug/g. The range naY be extended above or
bel ow t he nor nal range by increasing or decreasing sanple size or through
i nstrunent and recor

.0 Summary of Met hod

.1 A weighed portion of the sanple is acid digested for 2 mnutes at 95°C
foll owed by oxidation with potassium permanganate and potassi um persul fate.
hkrﬁury in the digested sanple is then neasured by the conventional cold vapor
t echni que.

er control

.2 An alternate digestion involving the use of an autoclave is described in
Section 8.2

.0 Sanpl e Handling and Preservation

Because of the extrenme sensitivity of the analytical procedure and the )
onanresence.of nmercury, care nust be taken to avoid extraneous contamn nation
Sanpl i ng devi ces and sanpl e containers should be ascertained to be free of
nercury; the sanple should not be exposed to any condition in the | aboratory
that may result 1 n contact or air-borne nmercury contami nation

.2 Refrigerate solid sanples at 4°C (+2°) upon receipt until analysis (see
Exhib?t D, Section |P?. ( ) up P y (

.3 The sanpl e shoul d be anal yzed wi t hout drying. A separate percent solids
determi nation is required (Part F).

4.0 I nterferences

4.1 The sane types of interferences that may occur in water sanples are also
possi ble with sedinents, i.e., sulfides, high copper, high chlorides, etc.

.2 Sanpl es contai ning high concentrations of oxidizable organic materials, as
evi denced by hi gh chenical oxygen demand val ues, may not be conpletely
oxi di zed by this procedure. en this occurs, the recovery of organic mercury
will be low The problemcan be elimnated by reducing the melght of the
original sanple or by increasing the anpunt of potassium persulfate (and
consequently stannous chloride) used in the digestion

"REAP- M nodi fied for the Regional Environnental Analytical Procurenent.
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Appar at us

At omi ¢ absorption sPectrophotonEter (see_hbte_l%: Any atomi c absorption unit
havi ng an open sanple presentation area in which to nount the absorption cel

is suitable. Instrunent settings recomended by the particul ar manufacturer

shoul d be foll owed.

NOTE 1: Instrunents designed specifically for the neasurenent of nercury
usi ng the cold vaﬁor t echni que are.connerC|aII% avai | abl e and may be
substituted for the atom c absorption spectrophotoneter.

hkrpurY hol | ow cat hode | anp: Westinghouse W.-22847, argon filled, or
equi val ent

Recorder: Any nulti-range variable speed recorder that is conpatible with the
UV detection systemis suitable.

Absorption cell: Standard spectrophotonmeter cells 10 cmlong, having quartz
end w ndows, nmay be used. Suitable cells may be constructed trom pl exigl ass
tubing, 1" OD. X 4-1/2". The ends are 8round per pendi cul ar to the

[ ongi tudi nal axis and quartz wi ndows (1" dianmeter X 1/16" thickness) are
cenented in place. Gas inlet and outlet ports (also of plexiglass but 1/4"

O D.) are attached approxinmately 1/2" fromeach end. The cell is strapped to
a burner for support and aligned in the |ight beamto give the maxi num
transm ttance. wo 2" X 2" cards with one inch dianeter holes may be placed

over each end of the cell to assist in positioning the cell for maxinmm
transmittance

Air punp:  Any peristaltic punP capabl e of delivering 1 liter of air per

m nut e na% be used. A Masterflex punmp with electronic speed control has been
found to be satisfactory. (Regulated conpressed air can be used in an open
one- pass system)

Fl owmreter: Capable of neasuring an air flow of 1 liter per mnute.

Aeration tubing: Tygon tubing is used for passage of the nmercury vapor from
the sanple bottle to the absorption cell and return. Straight glass tublnP
terminating in a coarse porous frit is used for sparging air into the sanmple.

Drying tube: 6" X 3/4" dianeter tube containing 20 g of nagnesi um perchl orate
(see te 2).

NOTE 2: In place of the magnesium perchlorate drying tube, a snall readinﬁ
lanp with 60Whbul b may be used to prevent condensation of noisture inside the
cell. The lanp is posSitioned to shine on the absorption cell maintaining the
air tenperature in the cell about 10°C above anbient.

Reagent s

Sul furic acid, concentrated: Reagent grade of |ow nercury content.
Nitric acid, concentrated: Reagent grade of |ow nercury content.
Stannous sulfate: Add 25 g stannous sulfate to 250 mL of 0.5 N sulfuric acid

(6.1). This mixture is a suspension and should be stirred continuously during
use.

Sodi um chl ori de- hydroxyl ami ne sulfate (See Note 3) solution: Dissolve 12 g of
gpplunwchlggbdﬁLand 12" g of hydroxylamne sulfate in distilled water and
Ilute to

NOTE 3: A 10% sol ution of stannous chloride may be substituted for (6.3) and
P%dz?xylan1ne hydrochl ori de may be used in place of hydroxylam ne sulfate in

Potassiun1pernan?anate (KMQ,), 5% (W v) solution: Dissolve 5 g of potassium
per manganate in 100 nL of distilled water

Pot assi um persul fate, 5% (wv) solution: Dissolve 5 g of potassium persulfate
in 100 nL of distilled water.

Stock nercury solution: Dissolve 0.1354 g of nercuric chloride in 75 nL of
distilled water. Add 10 nL of concentrated nitric acid and adjust the vol une
to 100.0 nL. 1.0 = 1.0 ng Hg.

Wor ki ng
o}

[kl n?rcury solution: Mke successive dilutions of the stock nercury
sol uti

n (6.7) to obtain a working standard containing 0.1 ug/nmL. This
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7.3
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Exhibit D -- Section IV
Part D - Cold Vapor AA
wor ki ng standard and the dilution of the stock mercury solutions should be
Bre ared fresh daily. Acidity of the working standard shoul d be naintai ned at
.15%nitric acid. "This acid should be added to the flask as needed before
the addition of the aliquot.

Calibration Procedure

Transfer 0, 0.2, 0.5, 1.0, 5.0 and 10 nL aliquots of the working nercur¥

sol utions (Section 6.8) conta!n|nP Oto 1.0 ug of nercury to a series of 300
mL BOD bottles. Add enough distilled water to each bottle to make a total
volune of 10 nL. Add 5 of concentrated H,SO, (Section 6.1) and 2.5 nL of
concentrated HNO;, (Section 6.2) and heat 2 minutes in a water bath at 95°C
Al'l ow the sanple to cool and add 50 niL distilled water, 15 nL of KMOQ,
solution (Section 6.5) and 8 nL of potassium persulfate solution (6.6) to each
bottle and return to the water bath for 30 m nutes.

[ution (Section
ed water (final
ndi vi dual Iy, add 5
y attach the

is allowed to

t
6.4) to reduce the excess pernan%Enate. Add 50 nL of d ?

Cool and add 6 nL of sodi um chl oride-hydroxyl am ne sulfa ?
i

volune of distilled water = 100 Treati ng each bott ?
i

I

so
I
i
nmL. of stannous sul fate solution (Section 6.3) and i medi at el

bottle to the aeration apparatus. At this point the sanple
stand quietly w thout manual agitation

The circul ating Punp, whi ch has previously been adjusted to a rate of 1 liter
per minute, is allowed to run continuously. The absorbance, as exhibited

ei ther on the spectrophotoneter or the recorder, will increase and reach
maxi mum wi t hin 30 seconds. As soon as the recorder pen levels off, )
aﬁprOX|nater 1 minute, open the bypass valve and continue the aeration until
t he absorbance returns to its mnihumvalue (see Note 4). C ose the bypass
valve, renove the fritted tubing fromthe BOD bottle and continue the
aer at i on.

NOTE 4: Because of the toxic nature of nercury vapor, precaution nust be
taken to avoid its inhalation. Therefore, a bypass has been included in the
sKstenwto ei ther vent the mercury vapor into an exhaust hood or RFSS t he vapor
through some absorbi ng media, such as: a) equal volunes of 0.1 N KMQ, and
10% H,SO,, or b) 0.25%iodine in a 3% KI solution. A specially treated
charcoal that will absorb mercury vapor is also commercially avail abl e.

Proceed with the standards and performa linear regression a standard curve by
pl otting peak height versus nmicrogranms of mercury. Use the |inear regression
equation to determ ne the anount of mercury in field and QC sanpl es.

Anal ysis Procedure

Prior to sanple digestion, the Rercent solids of the soil/sedi ment sanple nust
be determined in accordance with Section IV, Part F and the appropriate
procedures nust be followed for percent solids I ess than or equal to 30%

Weigh a representative 0.2 g portion of wet sanple and place in the bottom of

a BOD bottle (see Note 5). Add enough distilled water to each sanple to nmake

a total volume of 10 nL. Add 5 nmL of concentrated sulfuric acid and 2.5 nL of

concentrated nitric acid mixing after each addition. Heat two minutes in a

water bath at 95°C. Cool, add 50 nlL distilled water, 15 nlL potassi um )

per manganat e sol ution (Section 6.5) and 8 nL of potassium persulfate sol ution

(Section 6.6) to each sanple bottle. Mx thoroughly and place in the water

bath for 30 mnutes at 95°C. Cool and add 6 nmL of Sodi um chl ori de-

hydr oxyl am ne sulfate (Section 6.4) to reduce the excess pernmanganate. Add 50
of distilled water (final volune of distilled water = 100 nL Treating

each bottle individually, purge the head space of the sanple bottle for at

| east one minute and add 5 nL of stannous sulfate (Section 6.3) and

i medi ately attach the bottle to the aeration apparatus. Continue as

descri bed under Section 7.1.

NOTE 5;: Al sanﬁles nmust initially be analyzed undiluted (i.e., 0.2 g sanple
amount). \Wen the nercury concentrati on exceeds the highest calibration
standard, a portion of sanple less than 0.2 g and reanalysis are required to
bring the concentration within the linear range (but not” bel ow the

An alternate di gestion procedure enploying an autoclave nay al so be used. In
this nethod add 5 nL of concentrated H,SO, and 2 nL of concentrated HNO; to the
0.2 g of sanple. Add 5 nL of saturated KNhQisolutlon and 8 niL of potassium
persul fate solution and cover the bottle with a piece of aluninumfoil

Aut ocl ave the sanple at 121°C and 15 PSI for 15 m nutes. Cool, make up to a
volune of 100 mL with distilled water and add 6 nL of sodi um chloride-
hydr oxyl am ne sulfate solution (Section 6.4) to reduce the excess
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9.2

10.0

per manganate. Purge the headspace of the sanple bottle for at |east one

m nut e and conti nue as descri bed under 7.1.

Cal cul ati ons

Usi ng the absorbance (or peak height) of the analytical sanple, determne the
m crogranms of mercury in that sanple using the |ihear regression equation from

the calibration.

Cal cul ate the nercury concentration in the sanple using Equation 1

EQ 1,
ug/ L Hg, curve

ug Hol'g - alquot dry wt., g

x final vol. after prep., L

Report nercury concentrations as described in Exhibit B. The sanple result or

the nmethod detection limt for each sanple nust
and % solids before reporting.

NOTE 6: ug/g is equivalent to ng/kg.
Quality Control

be corrected for sanple weight

Quality control shall be performed as specified in Exhibit E
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PART E - METHODS FOR TOTAL CYANI DE ANALYSI S
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Exhibit D -- Section IV
Part E - Cyanide

METHOD FOR TOTAL CYANIDE ANALYSIS IN AQUEOUS SAMPLES (MEDIUM AND LOW LEVEL)
CYANI DE, TOTAL
Met hod 335.2 REAP-M )
(Manual Spectrophotonetric; Sem - Aut omat ed Spect rophotonetri c)

1.0 Scope and Application

1.1 This nethod is applicable to the determ nati on of cyanide in drinking, surface
and saline waters, and donestic and industrial wastes.

1.2 The applicable range is approximately 5 pg/L to 500 ug/L.

2.0 Sunmary of Met hod

2.1 The cyani de as hydrocyanic acid (HCN) is rel eased fromcyani de conpl exes by
means of a reflux-distillation operation and absorbed in a scrubber containing

i
ill
sodi um hydroxi de solution. The cyanide ion in the absorbing solution is then
determ ned colorinetrically.

2.2 In the colorinetric neasurenent, the cyanide is converted to cyanogen
chloride, CNCl, by reaction with chloramne-T at a pH |ess than 8 wi thout
hydrol yzing to the cyanate. After the reaction is conplete, color is forned
on the addition of pyr|d|ne-8yrazolone or pyridine-barbituric acid reagent.
The absorbance is read at 620 nm when usi ng p¥r|d|ne-p%razplone or 578 nmfor
pyridi ne-barbituric acid. To obtain colors of conparable intensity, it is
essential to have the sanme salt content in both the sanple and the standards.

3.0 Definitions

3.1 Cyanide is defined as cyanide ion and conpl ex cyani des converted to
hydrocyani c acid (HCN) by reaction in a reflux systemof a mineral acid in the
presence of magnesi um i on.

4.0 Sanpl e Handling and Preservation

Al'l bottles nust be thoroughly cleansed and rinsed to renove sol uble materi al
from cont ai ners.

4.2 Oxi di zi ng aPents such as chlorine deconpose nost of the cyanides. Test a drop
of the sanple with potassiumiodi de-starch test paper (KlI-starch paPer); a
bl ue color indicates the need for treatnent. Add ascorbic acid, a few
crystals at a tinme, until a drop of sanple produces no color on the indicator
paper. Then add an additional 0.6 g of ascorbic acid for each liter of sanple
vol ume.

4.3 Sanples are preserved with 2 nL of 10 N sodi um hydroxi de per liter of sanple
(pH> 12) at the tine of collection (Exhibit D, Section II?.

4.4  Sanples nust be stored at 4°C(x2°C) and nust be anal yzed within the hol ding
time specified in Exhibit D, Section Il

5.0 I nterferences

5.1 Interferences are elimnated or reduced by using the distillation procedure
described in 8.1.

"REAP- M Modi fied for the Regional Environnental Analytical Procurenent.
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Sul fi des adverse!Y affect the colorinmetr ion procedures. If a
droP_of the distillate on | ead acetate test é )
sultides, treat 25 nL nore of the sanple than that required for the cyanide
determ nation with powdered cadm um carbonate. Yell ow cadm um sul fide

precipitates if the sanple contains sulfide. Repeat this operation until a

drop of the eat ed sanpl e sol ution does not darken the | ead acetate test
u

and titr
i

i at
e paper indicates the presence of
o

tr
aper. Filter the solution through a dr% filter paper into a dry beaker, and
romthe filtrate nmeasure the sanple to be used for analysis. Avoid a |large

excess of cadmi um carbonate and a | ong contact time in order to mninize a

| oss by conpl exati on or occlusion of cyanide on the RreC|p|tated nmat eri al

gulfldgsdshouhd3be renoved prior to preservation with sodi um hydroxi de as
escribed in

The presence of surfactants may cause the sanple to foamduring refluxing. |If
this occurs, the addition of an agent such as Dow Corni ng 544 antifoam agent
will prevent the foamfromcollecting in the condenser, Fatty acids wl
distill and form soaps under alkaline titration conditions, making the end
poi nt al nost inmpossible to detect. Wen this occurs, one of the

spect rophot onetri ¢ net hods shoul d be used.

Appar at us

Refl ux distillation apparatus: A 1 liter boiling flask with inlet tube and
provi sion for condenser. The gas absorber may be a Fisher-MI1ligan scrubber

M croburet, 5.0 mL (for titration)

Spect rophot oneter suitable for neasurenents at 578 nmor 620 nmwith a 1.0 cm
cell or larger (for nmanual spectrophotonetric nethod).

Technicon AA Il systemor equivalent instrunmentation (for automated
spect rophot onet ri ¢ net hod) i ncl udi ng:

Sanpl er

Punp 111

Cyani de mani fold
SCIC colorineter with 15 mmflowcells and 570 nmfilters
Recor der
Data system (optional)
d ass or plastic tubes for the sanpler
Reagent s
Distillation and Preparati on Reagents

Sodi um hydroxi de solution, 1.25 N D SFF

) f : ) ve 50 g of NaOH in distilled
water, and dilute to 1 liter with disti

Ld wat er .
Cadmi um car bonate: powder ed

Ascorbic acid: crystals

Sul furic acid: concentrated

Magnesi um chl ori de solution: Wigh 510 g of Myd ,c6H,O into a 1000 L
flask, dissolve, and dilute to 1 liter wth dlst|fle wat er
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Exhibit D -- Section IV

Part
7.

7.

2

2.

3.1 ridi ne-bar bi

.2.3 Pour sol ution (Secti ?_n 7.3.
a

E - Cyanide
Stock Standards and Titrati on Reagents
St ock cyani de solution: Dissolve 2.51 of KCNand 2 g KOHin 1 Iliter of

distilled water. Standardi ze with 0.0192 N AgNO,.

Standard cyani de solution, internmediate: Dilute 50.0 nL of stock (1 nL =1
nmg CN) to 1000 nL with distilled water.

Standard cyani de solution: Prepare fresh daily b
i nternedi ate cyanide solution to 1000 nL with dis
a gl ass stoppered bottle. 1 nmL = 5.0 ug CN (5.0

100.0 nL of
r and store in

e

y
t
a

5
Standard silver nitrate solution, 0.0192 N. Prepare by crushing
appr oxi mat el§ 5 g AgNG; crystals and drying to constant weight at 40°C,
Wei gh out 3.2647 g of dried AgNO,, dissolve in distilled water, and dilute
to 1000 nL (1 nL =1 ng CN).

Rhodani ne indicator: Dissolve 20 ng of p-di nethyl - an nobenzal r hodani ne in
100 nL of acetone.

Sodi um hydroxi de solution, 0.25 N Dissolve 10 g of NaOH in distilled
water and dilute to 1 liter.

Manual Spectrophotonetric Reagents

Sodi um di hydrogenphosghat_e, 1 M Dissolve 138 g of NaH,PQHO in a liter
of distilled water. efrigerate this solution.

Chl oram ne-T sol uti
in 100 nL of distil
fresh weekly.

on: Dissolve 1.0 g of white, water soluble chloramne-T
led water and refrigerate until ready to use. Prepare

Col or Reagent-One of the foll owi ng nay be used:

turic acid reagent; Place 15 g of barbituric acid in a
250 L volunetric flask and add just enough distilled water to wash the
sides of the flask and wet the barbituric acid. Add 75 nL of pyridine
and m x. Add 15 nL of HO (sp gr 1.19), mix, and cool to room
tenperature. Dilute to 250 nL wth distilled water and m x. This
reagent is stable for approximately six nonths if stored in a cool, dark

pl ace.
3.2 Pyri di ne- pyrazol one sol ution:

2.1 3- Met hyl - 1- phenyl - 2- pyrazol i n-5-one reagent, saturated solution: Add
0.25 g of 3-nethyl-1-phenyl -2-pyrazolin-5-one to 50 nL of distilled
water, heat to 60°Cwth Stirring. Cool to room t enper at ure.

. 2.2 3,3 Dinethyl-1, 1" -di phenyl %4, 4' -bi s-2-pyrazolin]-5,5" dione
(bl_sgyrazo one): Dissolve 0.01 g of bispyrazolone in 10 nL of
pyri di ne.

3.2.1) through non-acid-washed filter
paper. Collect the [trate. Through the sane filter paper pour
solution (Section 7.3.3.2.2) collecting the filtrate in the sane
container as filtrate from(Section 7.3.3.2.1). Mx until the
filtrates are honogeneous. The mixed reagent devel ops a pink col or
but this does not affect the color production with cyanide if used
wi thin 24 hours of preparation.

Semi - Aut onat ed Spectrophotonetri c Reagents

Chl orami ne-T solution: Dissolve 0.40 g of chloramne-T in distilled water
and dilute to 100 nL, Prepare fresh daHg. ) o
Phosphate buffer: Dissolve 138 g of NaH% O HO in distilled water and
dilute to 1 liter. Add 0.5 nL of Brij-35 (available from Techni con).
Store at 4°C(x2°C).

Pyridine-barbituric acid solution: Transfer 15 g of barbituric acid into a
1I'liter volunetric flask. Add about 100 nmL of distilled water and swirl
the flask. Add 74 nL of pgrldl ne and mix. Add 15 nlL of concentrated HC
and mix. Dilute to about 900 nL with distilled water and mx until the
barbituric acid is dissolved. Dilute to 1 liter with distilled water.
Store at 4°C(x2°C).
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ISa{rpler wash: Dissolve 10 g of NaOH in distilled water and dilute to 1
iter.

Pr ocedur e
Distillation

Place 500 nL of sanple in the 1 [iter boiling flask. Add 50 nmL of 1.25 N
sodi um hydroxi de to the absorbing tube and dilute if necessary with
distilled water to obtain an adequate depth of liquid in the absorber.
Connect the boiling flask, condenser, absorber and trap in the train.

Start a slow streamof air entering the boiling flask by adjusting the
vacuum source. Adjust the vacuum so that approxi mately one bubble of air
per second enters the boiling flask through the air inlet tube.

NOTE: The bubble rate will not remain constant after the reagents have
been added and while heat is being applied to the flask. It will be )
necessary to readjust the air rate occasionally to prevent the solution in
the boiling flask from backing up into the air inlet tube.

Slowy add 25 niL concentrated sulfuric acid (Section 7.1.4) through the air
inlet tube. Rinse the tube with distilled water and allow the airflowto
mx the flask contents for 3 mnutes. Pour 20 nL of magnesium chl oride
so{utlon (Section 7.1.5) into the air inlet and wash down with a stream of
wat er .

Heat the solution to boiling, taking care to prevent the solution from
backing up into and overflomng fromthe air inlet tube. Reflux for one
hour. "Turn off heat and continue the airflow for at |east 15 m nutes.
After cooling the boiling flask, disconnect absorber and close off the
vacuum sour ce.

Drain the solution fromthe absorber into a 250 nL volunetric flask and
bring up to volume with distilled water washings fromthe absorber tube.

NOTEi The distillation procedure results in a 2x concentration of the
sanpl e.

Manual Spectrophotonetric Determination (Option A)

Wthdraw 50 niL, or less (see Note 1), of the solution fromthe flask and
transfer to a 100 nL volunetric flask. |If less than 50 is taken, dilute
to 50 mL with 0.25 N sodi um hydroxide solution (Section 7.2.6). Add 15.0
nm_. of sodi um phosphate solution (Section 7.3.1) and nix. The dilution
factor nmust be reported on Form Xl V.

NOTE 1: Al sanples nust initiall K be anal yzed undiluted. Wen the
cyani de concentrati on exceeds the highest calibration standard, an ali guot
| ess than 50 nL shall be taken and reanalysis of the sanple is require
(but not below the CRQL). The dilution factor nust be reported on Form 14.

1 Pyridine-barbituric acid nethod: Add 2 nL of chloramine-T (Section
7.3.2) and nix. After 1 to 2 minutes, add 5 nL of pyridine-barbituric
acid solution (Section 7.3.3.1) and mx. Dilute to mark with distilled
water and mx again. Allow 8 mnutes for color devel opnent then read
absorbance at 578 nmin a 1 cmcell within 15 minutes.

.2 Pyri di ne-pyrazol one nethod: Add 0.5 nL of chloram ne-T (Section 7.3.2)
and mx. After 1 to 2 mnutes, add 5 nL of p¥r|d! ne- P?/razol one sol ution
(Section 7.3.3.2) and mix. Dilute to mark with distilled water and mi x
again. After 40 minutes, read absorbance at 620 nmin a 1 cmcell.
E: Mre than 0.5 nL of chloramine-T will prevent the color from
devel opi ng with pyridi ne-pyrazol one.

Prepare a minimum of 5 standards and a bl ank by Ei petti ng sui t abl e vol unes
of standard solution into 250 nL volunetric flasks. NOTE: One calibration
standard nmust be at the Contract Required Quantitation Limt (CRQ). To
each standard, add 50 nL of 1.25 N sodium hydroxide and dilute to 250 niL
with distilled water. The sane nethod for col or devel opnent (i.e.,

pyridi ne-barbituric acid or pyridine-pyrazol one) nmust be used for both the
sanpl es and standards. Standards nust bracket the concentration of the
sanples. If dilution is required, use the blank sol ution.

As an exampl e, standard sol utions could be prepared as foll ows:

nm. of Standard Sol ution Conc. ug CN
(1.0 =5 ug CN per 250 ni
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Exhibit D -- Section IV
Part E - Cyanide

0 Bl ank
0.5 2.5
1.0 5
5.0 25
10.0 50
15.0 75
20.0 100
8.2.2.1 It is not inperative that all standards be distilled in the same nanner
as the sanples. At |east one standard (md-range) nust be distilled and
conpared to similar values on the curve to ensure that the distillation
technique is reliable. |If the distilled standard does not agree wthin
+15% of the undistilled standards, the operator should find and correct
the cause of the apparent error before proceeding. Al sanples, field

and QC sanples distilled with the nonconpliant standard nust be
redistilled.

8.2.2.2 Performa |inear regression of absorbance of standard vs. cyanide
concentrations (per 250 mL).

8.3 Semi - Aut onat ed Spectrophotonetric Determination (Qption B)

8.3.1 Set up the manifold. Punp the reagents through the systemuntil a steady
basel I ne i s obtai ned.

8.3.2 Calibration standards: Prepare a blank and at |east five calibration
standards over the range of the analysis. One calibration standard nust be
at tBe CRC%. For a working range of  0-200 ug/L, the follow ng standards
may be used:
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nL Standard Sol ution Concentration
(7.2.3) diluted to 1 liter ug G\ L

0 0

2.0 10

4.0 20

10.0 50
20.0 100
40.0 200

Add 10 g of NaOH to each standard. Store at 4°C(x2°C)

8.3.3 Pl ace calibration standards, blanks, and control standards in the sanpler
tray, followed bY distilled samples, distilled duplicates, distilled
standards, distilled spikes, and distilled bl anks.

8.3. 4 When a steady reagent baseline is obtained and before starting the sanpler,

adj ust the baseline using the appropriate knob on the colorineter.
Aspirate a calibration standard and adjust the STD CAL dial on the
colorineter until the desired signal is obtained. Record the STD CAL
value. Re-establish the baseline and proceed to anal yze calibration
stgn?ards, bl anks, control standards, distilled sanples, and distilled QC
audits.

9.0 Cal cul ati ons

If the manual spectrophotonetric procedure is used, calculate the cyanide, in
ug/L, in the original sanple using Equation 1:

EQ 1,
CN, (ng/L) - A x 1000 mL/L % 50 mL
B C
wher e,
A= ﬁg CN read from standard curve (per 250 niL) )
B = of original sanple for distillation (See Section 8.1.1)
C=nlL taken for colorinetric analysis (See Section 8.3.1)

50 nmL = volune of original sanple aliquot (See Section 8.3.1)
1000 nmL/L = conversion nL to L

9.2 If the senmi-autonmated nmethod is used, measure the absorbance (or peak height)
of the calibration standards (visually or using a data system) and cal cul ate a
I i near regression equation. ply the equation to the field sanmples and QC

sanples to determnine the cyanide concentration in the distillates. To
deternmine the concentrati on of cyanide in the original sanple, MILTIPLY THE
RESULTS BY ONE- HALF (since the original volume was 500 nL and the distillate
vol une was 250 nL). Also, correct for, and report on Form XI'V, any dil utions
whi ch were nade before or after distillation

10.0 Quality Control
Quality control shall be performed as specified in Exhibit E
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Exhibit D -- Section IV
Part E - Cyanide

METHOD FOR TOTAL CYANIDE ANALYSIS IN SOIL/SEDIMENT/SOLID SAMPLES
CYANI DE, TOTAL
Met hod 335.2 REAP-M )
(Manual Spectrophotonetric; Sem - Aut omat ed Spect rophotonetri c)

1.0 Scope and Application

1.1 This method is applicable to the determ nation of cyanide in sedinments and
ot her solids.

1.2 The detection Iimt is dependent upon the weight of sanple taken for analysis.

2.0 Sunmary of Met hod

2.1 The cyani de as hydrocyanic acid (HCN) is rel eased fromcyani de conpl exes by
means of a reflux-distillation operation and absorbed in a scrubber containing

i

I
sodi um hydroxi de solution. The cyanide ion in the absorbing solution is then
determ ned colorinetrically.

2.2 In the colorinetric neasurenent, the cyanide is converted to cyanogen
chloride, CNCl, by reaction with chloramne-T at a pH |ess than 8 wi thout
hydrol yzing to the cyanate. After the reaction is conplete, color is forned
on the addition of pyr|d|ne-8yrazolone or pyridine-barbituric acid reagent.
The absorbance is read at 620 nm when usi ng p¥r|d|ne-p%razplone for 578 nmfor
pyridi ne-barbituric acid. To obtain colors of conparable intensity, it is
essential to have the sanme salt content in both the sanple and the standards.

3.0 Definitions

3.1 Cyanide is defined as cyanide ion and conpl ex cyani des converted to
hydrocyani c acid (HCN) by reaction in a reflux systemof a mineral acid in the
presence of magnesi um i on.

4.0 Sanpl e Handling and Preservation

Sanpl es nmust be stored at 4°C(+x2°C) and nust be analyzed within the hol ding
time specified in Exhibit D, Section Il

4.2 Sanpl es are not dried prior to analysis. A separate percent solids
determ nati on nust be made in accordance with the procedure in Part F

5.0 | nterferences

Interferences are elimnated or reduced by using the distillation procedure
described in 8.1

Sul fides adversely affect the colorinetric procedures.

5.3 The presence of surfactants nmay cause the sanple to foamduring refluxing. |If
this occurs, the addition of an agent such as DOW Corni ng 544 antifoam agent
will prevent the foamfromcollecting in the condenser. Fatty acids wl
distill and form soaps under the alkaline titration conditions, making the end
poi nt al nost inpossible to detect. When this occurs, one of the
spectrophotonetri c net hods shoul d be used.

"REAP-M Modified for the Regi onal Environmental Analytical Procurenent.
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Appar at us

Reflux distillation apparatus: A 1 liter boiling flask with inlet tube and
provi sion for condenser. The gas absorber may be a Fisher-MI1ligan scrubber.

M croburet, 5.0 mL (for titration)

Spect rophot oneter suitable for measurenents at 578 nmor 620 nmwith a 1.0 cm
cell or larger.

Technicon AA Il systemor equivalent instrunentation (for automated
spect rophot onet ri ¢ net hod) i ncl udi ng:

Sanpl er

Punp 111

Cyani de mani fold
SCIC colorineter with 15 mmflowcells and 570 nmfilters
Recor der
Data system (optional)
d ass or plastic tubes for the sanpler
Reagent s
Distillation and Preparati on Reagents

Sodi um hydroxi de solution, 1.25 N D SISIO

) f : D ve 50 g of NaOH in distilled
water, and dilute to 1 liter with disti

{ed wat er .
Cadmi um car bonate: powder ed

Ascorbic acid: crystals

Sul furic acid: concentrated

Magnesi um chl ori de solution: Wigh 510 g of MyCl ,c6H,O into a 1000 nL
flask, dissolve and dilute to 1 liter with d|st|lfed wat er .

Stock Standards and Titrati on Reagents

St ock cyanide solution: Dissolve 2.51 g of KCN and 2 g of KOHin 1 liter
of distilled water. Standardize with 0.0192 N AgNQ,.

St andard cyani de solution, internediate: Dilute 50.0 nL of stock (1 nL =1

ng CN) to 1000 nL with distilled water (1 nmL = 50.0 ug).

St andard c¥ani de solution: Prepare fresh daily by diluting 100.0 nL of
H_)ed water and store in

Standard silver nitrate solution, 0.0192 N. Prepare by crushing

appr oxi mat el¥ 5 g AgNG; crystals and drying to constant weight at 40°C

Wel gh out 3.2647 g of dried AgNO,, dissolve in distilled water, and dilute
to 1000 mL (1 nmL = 1 ng CN).

Rhodani ne indicator: Dissolve 20 ng of p-di nethyl -ani no-benzal rhodani ne in
100 nL acet one.

i nternedi ate cyanide solution to 1000 nL with disti
a gl ass stoppered bottle. 1 nL = 5.0 ug CN (5.0 ng
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Exhibit D -- Section IV
Part E - Cyanide

7.3 Manual Spectrophotonetric Reagents

7.3.1 Sodiunwdihydrogenphosggate, 1 M Dissolve 138 g of NaH,PQ*HO in 1 liter
of distilled water. frigerate this solution

7.3.2 Chl oram ne-T sol uti
in 100 nL of distil
fresh weekly.

on: Dissolve 1.0 g of white, water soluble Chloramne-T
led water and refrigerate until ready to use. Prepare

7.3.3 Col or reagent - One of the followi ng may be used:

7.3.3.1 ridine-barbituric acid reagent; Place 15 g of barbituric acid in a
250 nmL volunetric flask and add just enough distilled water to wash the
sides of the flask and wet the barbituric acid. Add 75 nL of pyridine
and m x. Add 15 nL of HCO (ﬁE gr 1.19), mx, and cool to room
tenperature. Dilute to 250 nL with distilled water and mx. This
rFagent is stable for approximately six nonths if stored in a cool, dark
pl ace.

7.3.3.2 Pyri di ne- pyrazol one sol ution

7.3.3.2.1 3- Met hyl -1 - phenyl - 2- pyrazol i n-5- one reagent, saturated solution
Add 0.25 g of 3-neth -I-ghenyl;z-pyrazo.|n-5-one to 50 nL of
distilled water, heat to 60°C'with Stirring. Cool to room
t enper at ure.

7.3.3.2.2 3,3 Dineth I-I,1'-diphenyI-B4,4'-bi-2-pyrazo|in]-5,5'dione
(blsgyrazo one): Dissolve 0.01 g of bispyrazolone in 10 nL of

pyri di ne.
7.3.3.2.3 Pour solution (7.3.3.2.1) through non-acid-washed filter paper.
Collect the filtrate. Through the sane filter paper pour solution
§7.3.3.2.2) collect|ng the frltrate in the sane contal ner as
iltrate from(7.3.3.2.1). Mx until the filtrates are )
honogeneous. he m xed reagent devel ops a pink color but this
does not affect the color production wth cyanide if used within

24 hours of preparation
7.4 Sem - Aut omat ed Spectrophotonetri c Reagents

7.4.1 Chl oramine-T solution: Dissolve 0.40 g of chloranmine-T in distilled water
and dilute to 100 mL. Prepare fresh daily.

7.4.2 Phosphate Buffer: Dissolve 138 g of NaH,PO*HO in distilled water and
g{Iute Eo4lCI|ter. Add 0.5 nlL of Brij-35 (available from Techni con).
ore a °C.

i di ne-barbitur
|%Fr vol unetri
[
r

Ey{ ic acid solution: Transfer 15 g of barbituric acid
o

the flask. Add 74

unt i

wat e

i n
flask. Add about 100 niL of distilled water and swir
mL of pyridine and mx. Add 15 nL of conc. HA mx
c acidis dissolved. Dilute to 1 liter with disti

to a
|

the barbituri
. Store at 4°C

7.4.4 Fanpler Wash: Dissolve 10 g of NaOH in distilled water and dilute to 1
iter.

| ed

8.0 Pr ocedur e
Distillation

Prior to sanple distillation, the percent solids of the soil/sediment sanple
must be determ ned in accordance wth Section IV, Part F and the appropriate
procedures nmust be followed for percent solids | ess than or equal to 30%

8.1.1 Accurately weigh a representative 1-5 g_portion of wet sanple and transfer
it to a boiling flask. Add 500 nL of distilled water. Shake or stir the
t

sanple so that it is dispersed

8.1.2 Add 50 nL of sodiun]hydroxide (7.1.1) to the absorbing tube and dilute if
necessary with distilled water to obtain an adequate depth of liquid in the
?bsprber. Connect the boiling flask, condenser, absorber, and trap in the

rain.

8.1.3 Start a slow streamof air entering the boiling flask by adjustin t he

vacuum sour ce. Adjust the vacuum so that apProxinatel one bubble of air
per second enters the boiling flask through the air inlet tube.
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NOTE: The bubble rate will not remain constant after the reagents have
been added and while heat is being applied to the flask. It will be )
necessary to readjust the air rate occasionally to prevent the solution in
the boiling flask from backing up into the air inlet tube.

Slowy add 25 nL of conc. sulfuric acid (7.1.4) through the air inlet tube.
Rinse the tube with distilled water and allow the airflow to mx the flask
contents for 3 mnutes. Pour 20 nL of magnesi um chloride solution (7.1.5)
into the air inlet and wash down with a stream of water

Heat the solution to boil
backi n uﬁ and overflow n
Turn off heat and continu
cooling the boiling flask
sour ce.

ing, taking care to prevent the solution from
ginto the air inlet tube. Reflux for one hour
e the airflow for at |east 15 minutes. After

, di sconnect absorber and close off the vacuum

Drain the solution fromthe absorber into a 250 nL volunetric flask and
bring up to volunme with distilled water washings fromthe absorber tube.

NOTEi The distillation procedure results in a 2x concentration of the
sanpl e.

8.2 Manual Spectrophotonetric Determination (Option A)

8.2.2.1

Wthdraw 50 nmL, or less (see Note 1), of the solution fromthe flask and
transfer to a 100 nL volunetric flask. |f less than 50 nL is taken, dilute
to 50 mL with 0.25 N spdlunwhgdrOX|de solution (7.1.1). Add 15.0 nL of

sodi um phosphate solution (7.3.1) and m x

NOTE 1: Al sanples nust initiaIIK_be anal yzed undiluted. Wen the
cyani de concentration exceeds the highest calibration standard, an allguot
| ess than 50 nL shall be taken and reanalysis of the sanple is require
(but not below the CRQL). The dilution factor nust be reported on Form 14

Pyridi ne-barbituric acid nmethod: Add 2 nL of Chloramine-T (7.3.2) and
mx. After 1 2 minutes, add 5 nL of pyridine-barbituric acid ]
solution (7.3.3.1) and mix. Dilute to mark with distilled water and m X
again. Allow 8 mnutes for color devel opment then read absorbance at
5/8 nmin a1l cmcell within 15 m nutes.

P¥ridine-pyrazplone nethod: Add 0.5 nL of chloramine-T (7.3.2) and miX.
After 1 to 2 minutes add 5 nL of pyridi ne-pyrazol one solution (7.3.3.2)

and mx. Dilute to mark with distilled water and mi x again. After 40
m nutes, read absorbance at 620 nmin a 1 cmcell

tu
to
3.

NOTE: Mdre than 0.5 nmL of chloramne-T will prevent the color from
devel opi ng with pyridi ne-pyrazol one.

Prepare a minimum of five standards and a bl ank by piPetting sui tabl e
vol unes of standard solution into 250 nmL volunetric flasks. NOTE: One
calibration standard nust be made at the CRQL. To each standard add 50 niL
of 1.25 N sodi um hydroxide and dilute to 250 nL with distilled water. The
sanme nethod for col or devel opnent §|.e., ﬁyr|d|ne—barb|tur|c acid or
gyr|d|ne—pyrazoloneL must be used tfor both the sanples and standards.

t andar ds nust bracket the concentrations of the sanple. |If dilution is
requi red, use the blank solution

As an exanpl e, standard sol utions could be prepared as foll ows:

nmL of Standard Sol ution Conc. u8 CN
(1.0 = 5 ug CN per 250 niL

0 Bl ank

0.5 2.5

1.0 5

5.0 25

10.0 50

15.0 75

20.0 100

It is not inperative that all standards be distilled in the same manner as
the sanples. At |east one standard (mid-range) nust be distilled and
conpared to simlar values on the curve to ensure that the distillation
technique is reliable. |If the distilled standard does not agree within
+15% of the undistilled standards the operator should find and correct the
cause of the apparent error before proceedi ng.
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8.2.2.2 Prepare a standard curve by plotting absorbance of standard vs. cyanide
concentrations (per 250 nLy.

8.3 Semi - Aut onat ed Spectrophotonetric Determination (Qption B)

8.3.1 Set up the manifold as recommended by the nanufacturer. Punp the reagents
t hrough the systemuntil a steady baseline is obtained.

8.3.2 Calibration standards: Prepare a blank and at |east five calibration
standards over the range of the analysis. One calibration standard nust be
at the CRQL. For a working range of 0-200 ug/L, the foll owi ng standards
may be used:

nmL St andard Sol ution Concentration
(7.2.3) diluted to 1 liter ug CN L

0.0 0

2.0 10

4.0 20

10.0 50

20.0 100
40.0 200

Add 10 g of NaOH to each standard. Store at 4°C(x2°C).
8.3.3 Pl ace calibration standards, blanks, and control standards in the sanpler

tray, followed bY distilled samples, distilled duplicates, distilled
standards, distilled spikes, and distilled bl anks.
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8.3.4 Wien a steady reagent baseline is obtained and before starting the sanpler,
adj ust the baseline using the appropriate knob on the colorineter.
Aspirate a calibration standard and adjust the STD CAL dial on the
colorineter until the desired signal is obtained. Record the STD CAL
value. Reestablish the baseline and proceed to anal yze calibration
st andards, bl anks, control standards, distilled sanples, and distilled QC

audits.
8.3.5 Performa |inear regression
9.0 Cal cul ations
9.1 A separate deternination of percent solids nust be perforned (see Part F).
9.2 The concentration of cyanide in the sanple is deternmined as foll ows.
9.2.1 For the manual spectrophotonetric nethod use Equation 1
EQ 1,
A X 50 mL
CN (mg/ Kg) C x %soBIids
100
\Wer e,
é z #E gy &?g?i{{gpgsggﬂgﬁr?ofuggfogFﬁét??g gk%ernination (Section
g%; 3ég'&%ight of original sanple in g (See Section 8.1.1)

50 nmL = volunme of standard taken for colorinetric deternination
~ (See Section 8.2.1)
% solids (see Part F)

c nethod is used, neasure the

tion standards (using a data system
ression equation. Aﬁply t he

nples to determi ne the cyanide
rmne the cyani de concentration in

9.2.3 I f the seni-autonmated spectrophot onet
absor bance (peak helghty of the calib
or visually) and calculate a linear r
equation to the field sanples and QC
concentration in the distillates. De
the original sanple using Equation 2:

ri

ra
eg
sa
te

EQ 2,
A x 0.25
CN / Kg) = -
(mg/ Kg) C x %solids
100
Wher e,
A = ug/L determ ned from standard curve
C 3 wet wei ght of original sanple in g (See 8.1.1)
an

0.25 = conversion factor for distillate final volunme (See 8.1.6)
% solids (see Part

10.0 Quality Control
Quality control shall be performed as specified in Exhibit E
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METHOD FOR TOTAL CYANIDE ANALYSIS OF AQUEOUS (MEDIUM AND LOW LEVEL)
AND SOIL/SEDIMENT/SOLID SAMPLES BY MIDI DISTILLATION

CYANI DE, TOTAL
Met hod 335.2 REAP-M (Sem -aut omat ed Spectrophotonetric)

1.0 Scope and Application

1.1 Cyani de determined by this nethod is defined as cyani de i on and conpl ex
cyani des converted to hydrocyanic acid by reaction in a reflux systemwth
m neral acid in the presence of magnesiumion

1.2 This nethod covers the determination of cKanide bY mdi distillation with a
sem -automated colorinetric analysis of the distillate.

1.3 The applicable range is approximately 5 pg/L to 500 ug/L.
2.0 Sunmary of Met hod

2.1 The cyanide as hydrocyanic acid (HCN) is rel eased from cyani de conpl exes by
neans of a midi reflux-distillation operation and absorbed in a scrubber
cont ai ni ng sodi um hydroxi de solution. The cyanide ion in the absorbing
solution s then determ ned colorinetrically.

2.2 In the colorinetric neasurement, the cyanide is converted to cganpgen
chloride, CNC, by reaction with chloramne-T at pH |l ess than 8 w thout
throlysls to the cyanate, After the reaction is conplete, color is forned on
the addition of pyridine-barbituric acid reagent. The absorbance is read at
580 nm To obtaln colors of conparable intensity, it is essential to have the
same salt content in both the sanples and the standards.

3.0 Sanpl e Handling and Preservation

Al'l bottles nust be thoroughly cleansed and rinsed to renove soluble materials
from cont ai ners.

3.2 Oxi di zi ng agents such as chlorine deconpose nost cyanides. Test a drop of the
sanpl e wth potassiumiodide-starch test paper (KI-Starch paper); a blue color
i ndi cates the need for treatnent. Add ascorbic acid, a few crystals at a
time, until a drop of sanple produces no color on the indicator paper. Then
add additional 0.6 g of ascorbic acid for each liter of sanple vol une.

3.3 Sanpl es are preserved with 2 nL of 10 N sodium hydroxide per liter of sanple
(pH > 12) at the tinme of collection.

3.4 Sanples nust be stored at 4°C(*¥2°C) and nust be anal yzed wi thin the hol di ng
time specified in Exhibit D, Section Il

4.0 | nterferences

Interferences are elimnated or reduced by using the distillation procedure.

4.2 Sul fi des adversely affect the colorimetric procedures. |f a drop of
distillate on | ead acetate test paper indicates the presence of sulfides,
treat the sanple with powdered cadm um carbonate. Yell ow cadm um sul fide
precipitates If the sanple contains sulfide. Repeat this operation until a
drop of the treated sanple solution does not darken the | ead acetate test
aper. Filter the solution through a dry filter paper into a dry beaker, and
romthe filtrate, measure the sanple to be used for analysis. Avoid a |arge
excess of cadmi um carbonate and |ong contact tine in order to mininze | oss by
conpl exation or occlusion of cyanide on the precipitated nateri al
4.3 The presence of surfactants may cause the sanple to foamduring refluxin | f
this occurs, the addition of an agent such as Dow Corning 544 antifoamn
agent will prevent the foamfromcollecting in the condenser

5.0 Appar at us

5.1 Mdi reflux distillation apparatus.

g.
g

"REAP-M Modified for the Regi onal Environmental Analytical Procurenent.
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Heating bl ock - Capabl e of maintaining 125°C £5°C,
Aut o anal yzer systemw th accessories:

Sanpl er

Punmp

Cyani de cartridge

Colorineter with 50 mmflowcells and 580 nmfilter
Chart recorder or data system

Assorted volunetric gl assware, pipets, and m cropipets.

Reagent s
Distillation and Preparati on Reagents

Sodi um hydr oxi de absor bi ng sol ution and sanpl e wash solution, 0.25 N
Di ssolve 10.0 g NaOH in ASTM Type Il water and dilute to one liter.

I\/hg?_nesi um chl ori de sol uti on, 51%(w’v?; Di ssolve 510 g of Myd ,»6H0 in
ASTM Type Il water and dilute to one liter.

Sul furic acid, 50% (v/v): Carefully add a portion of concentrated HSO, to
an equal portion of ASTM Type Il water.

Sodi um hydroxi de solution, 1.25 N Dissolve 50 g of NaOH in ASTM Type 11
water and dilute to one liter.

St andar ds

St ock cyani de solution, 1000 ng/L CN: Dissolve 2.51 g of KCN and 2.0 g KCH
in ASTM Type Il water and dilute one liter. Standardize with 0.0192 N

AgNQG;.

I nternedi ate cyani de standard solution, 10 ng/L CN. Dilute 1.0 nL of stock
C\éam de solution (Section 6, 2.1) ;])_I us 20 nL of 1.25 N NaOH sol ution )
(Section 6.1.4? to 100 mL with ASTM Type ||l water. Prepare this solution
at tinme of analysis.

Rhodanm ne indicator: Dissolve 20 ng of p-di nethyl am no-benzal -rhodam ne in
100 nL acet one.

Silver nitrate solution, 0.0192 N Prepare by crushi nég aw_oxi mat elg 5 g7

AgNQO;, crystals and drying to a constant weight at 104°C, igh out 3.264

%of dri'ed AgNO, and di ssolve in ASTM Type Il water. Dilute to one liter (
nmL. corresponds to 1 ng CN).

Pot assi um chromat e indi cator solution: Dissolve 50 g K,CRO, in sufficient
ASTM Type Il water. Add silver nitrate solution until a definite red
precipitate is formed. Let stand for at |least 12 hours, filter, and dilute
to one liter with ASTM Type || water.

Primary standard sodiumchloride, 0.0141 N. Dissolve 824.1 ng Nad (NBS-
dried 20 mnutes at 104°C) in ASTM Type Il water and dilute to one liter.

Sodi um hydroxi de solution, 0.1 N: Dissolve 4 g of NaCH in ASTM Type 1|1
water and dilute to one liter.

Sem - Aut omat ed Spectrophotonetri c Reagents

Phosphate buffer solution, 1 M Dissolve 138 g of NaH,PQ,eHO in ASTM Type
Il water and dilute to one liter. Add 0.5 nL of Brij-35 (available from
Technicon). Store at 4°C

Chl orami ne-T solution, 0.4% &vw’v): Di ssolve 0.4 g of chloramne-T in ASTM
Type |l water and dilute to 100 nL. Prepare fresh at tine of analysis.

Col or reagent sol ution, p¥ridi ne barbituric acid color reagent solution:
Prepare this solution in the hood. Transfer 15 g of barbituric acid into a
one liter Erlenneyer flask. Add about 100 nL of ASTM Type Il water and
swirl the flask to mx. Add 75 nL of pyridine and 15 concentrated HC
and mix until all the barbituric acid Is dissolved. Dilute to one liter
with ASTM Type |l water and store at 4°C
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Exhi bi t
Part E -

D -- Section IV

Cyani de

7.0 Pr ocedur e
7.1 Distillation

7.1.1

The procedure described here utilizes a midi distillation apparatus and
requires a sanple aliquot of 50 nL, or less (see Note 1), for aqueous
sanpl es and one gramfor solid materials.

NOTE 1: Al sanples nmust initially be analyzed undiluted (i.e., aqueous
sanples nust first be run with a 50 nL aliquot and solid sanples using a
one gram sanple). Wen the cyani de concentration exceeds the highest
calibration standard, appropriate dilution (but not below the CR%L) and
reanal ysis of the sanple are required. The dilution factor mnust be
reported on Form XI V.

NOTE 2: Prior to sanple distillation, the percent solids of the

soi | / sedi nent sanpl e nust be deternmined in accordance with Section |V, Part
F and the apProprlate procedures must be followed for percent solids |ess
than or equal to 30%

For aqueous sanples: Pipet 50 nL of sanple, or an aliquot diluted to 50
m., into the distillation flask along with 2 or 3 boiling chips.

For solid sanples: Wigh 1.0 g of sanple (to the nearest 0.01 g) into the
g|sfgllathpn lask and dilute to 50 mL with ASTM Type Il water. Add 2 or 3
oi l'ing chips.

Add 50 nL of 0.25 N NaOH (Section 6.1.1) to the gas absorbing inpinger

Connect the boiling flask, condenser, and absorber in the train. The
excess cyanide trap contains 0.5 N NaCH

Turn on the vacuum and ad%ust the gang (Witney) values to give a flow of
t hree bubbl es per second fromthe Inpingers in each reaction vessel

After five mnutes of vacuumflow, inject 5 nL.of.SOQb(v/vL H,SO, (Section
6.1.3) through the top air inlet tube of the distillation head into the
reaction vessel. Alowto mx for 5 mnutes. NOIE. The acid vol une nust
be sufficient to bring the sanple/solution pHto below 2.0

Add 2 nmL of nmgnesium chloride solution (6.1.2) through the top air inlet
tube of the distillation head into the reaction flask. Excessive foamn ng
fronwsangles contai ning surfactants may be quelled by the addition of
anot her nL of magnesium chloride sol ution

Turn on the heating bl ock and set for 123-125°C. Heat the solution to
boiling, taking care to prevent solution backup by periodic adjustnment of
t he vacuum f | ow

After one and a half hours of_refluxin%, turn off the heat and continue the
yacuunwfor an additional 15 m nutes. he flasks should be cool at this
i me.

After cooling, close off the vacuum at the gang val ve and renove the
absorber. Seal the receiving solutions and store themat 4°C until

anal yzed. The solutions nmust be anal yzed for cyanide within the 12 day
holding tine specified in Section Il

7.2 Sem - Aut omat ed Spectrophotonetric Determination

Operating conditions: Because of the difference between various nakes and
nodel s o satlsfactorY instruments, no detailed operating instructions can
be provided. The analyst should follow the instructions provided by the
manuf acturer of the particular instrument. It is the responsibility of the
analyst to verify that the instrument configuration and operating

condi tions used satisfy the analytical requirements and to maintain
quality control data.conflrn1nP i nstrunment performance and anal ytica
results. The follow ng general procedure applies to nost seni -autonated
col orineters.
Set up the manifold and conplete system per manufacturer's instructions.
Allow the colorimeter and recorder to warmup for at |east 30 minutes prior
to use. Establish a steady reagent baseline, feeding ASTM Type || water

t hrough the sanple Iine and appropriate reaﬁents (Section 6. t hr ough
re?gent {lnes. Adj ust the baseline using the appropriate control on the
col ori neter.
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. 2.3 Prepare a mnimum of five standards and a bl ank by Pipetting sui tabl e
vol unes of standard solution into 50 nL volunetric flasks. NOTE One
calibration standard nmust be at the Contract Required Quantitation Limt

As an exanpl e, standard sol utions could be prepared as foll ows:

Total ug CN
st andard sol ution nL 10 np/L CN nL 0.05 N NaCH
0. 00 0. 000 20
0.10 0. 010 20
0.25 0. 025 20
0.50 0. 050 20
1. 00 0. 100 20
2.00 0. 200 20
5.00 0. 500 20
10. 00 1. 000 20
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Dilute standards to 50 nL using ASTM Type Il water. It is not inperative
that all standards be distilled in the sane nmanner as the sanples. At

| east one standard (n1d-ran%e) nust be distilled and conpared to simlar
val ues on the curve for each SDG to ensure the distillation technique is
reliable. If the distilled standard does not agree wi thin +15% of the
undistilled standards, the operator nust find and correct the cause of the
error before proceeding.

Aspirate the highest calibration standard and adjust the colorinmeter until
t he desired (maxi mun) signal -range is obtained.

Pl ace calibration standards, blanks, and control standards in the sanpler
tray, followed bY distilled sanples, distilled duplicates, distilled
standards, distilled spikes, and distilled bl anks.

Switch sample line fromthe ASTM Type Il water to sanpler, set the
appropriate sanpling rate and begin the anal ysis.

cul ations

8.1.5

8.1.5.1

cul ations for Sem -autonated Col orinetric Deternination

Prepare a standard curve by Plotting absor bance (peak heights, determ ned
visual ly or u5|nP a data SYS em) of standards gy) versus cyani de )
confentratlon values (total ug CNNL) (x). Performa linear regression
anal ysi s.

Multiply all distilled values bg the standardi zation value to correct for
the stock cyanide solution not being exactly 1000 ng/L (see Section 6.2.1).

Using the regression analysis equation, calculate sanple receiving solution
concentrations fromthe calibration curve.

Cal cul ate the cyani de of aqueous sanples in ug/L of original sanple using
Equati on 1:

Equation 1,
CN, (pg/L) = filig_f_f
wher e,
A = ug/L CN of sanple fromregression analysis
B = Liter of original sanple tor distillation (0.050 L) (See 7.1.2)
D=Dlution factor (If no dilution is perfornmed, D = 1)
F = sanpl e receiving solution volune (0.050 L)
Ca

Iculate t he cyanide of solid sanples in ng/kg of original sanple, as

foll ows:

o

é separate deternination of percent solids nmust be perforned (See Part
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8.1.5.2 ;he concentration of cyanide in the sanple is determi ned using Equation

EQ 2,
AXDXF

CN, (mg/Kg) = BxE

wher e,
ug/L CN of sanple fromregression analysis curve
wet weight of original sanple in g (See Section 7.1.3)
Dilution factor (If no dilution is performed, D = 1)
% solids (See Part F)/100.
sanpl e receiving solution volune (0.050 L)
9.0 Quality Control
Quality control shall be performed as specified in Exhibit E

A
B
D
E
F
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Exhi bit D -- Section IV ) )
Part F - Percent Solids Determnation

PART F - PERCENT SOLIDS DETERMINATION PROCEDURE

1.0 Prior to initiating sanﬁle preparation for analysis, determne the sanple's
percent noisture. Weigh 5 - 1 of the soil/sedinment/solid into a pre-
wei ghed wei ghing dish.  Wigh and record the weight to the nearest 0.01 g.

2.0 Pl ace meighing di sh plus sanmple, with the cover tipged to allow for noisture
escaPe, in a drying oven naintai ned at 103-105°C. anpl e handling and dryi ng
shoul d be conducted in a well-ventil ated area.

3.0 Dry the sangle overni ght (12-24 hours) but no longer than 24 hours. If dried
| ess than 12 hours, it nust be documented that constant weight was attai ned.
Renove the sanple fromthe oven and cool in a dessicator with the me|gh|n8
di sh cover in place before weighing. Wigh and record weight to nearest 0.01
g. Do not analyze the dried sanple.

4.0 Duplicate percent solids determinations are required at the frequency
specified in Exhibit E for duplicate determ nation. Duplicate results nust
neet the techni cal acceptance specified in Exhibit
FORM VI as indicated in Exhibit B.

5.0 For the duplicate percent solids determ nation, designate one sanple aliquot
as the "original" sanple and the other aliquot as the "dupllcate‘.sanPIe.
Calcul ate dry weight using the results of the "original" sanple aliquo

6.0 Calculate percent solids by the fornmula bel ow. The val ue obtai ned shall be
rePorted on the appropriate FORM | and, where applicable, FORMVI. This val ue
wi |l be used for calculating analytical concentration on a dry wei ght basis.

EQ 1
. Sample Dry Weight (g)
0 =
%Solids Sample Wet Weight (g) x 100
6.1 If the percent solids of the sanple as deternined above is greater than 30

er cent 5> 30%, the Contractor shall proceed with preparation and anal ysis
or soil/sedinent/solid sanples as described Exhibit D

"For the purpose of paragraph 3, d&ying time is defined as the elapsed tine in
the oven; thus raw data nust record tine in and out of the oven to document
the 12 hour drying tinme mnimum |In the event it is necessary to denonstrate
the attai nnent of constant mei?ht! data nust be recorded for a m ni mumof two
repetitive weigh/dry/dessicate/weigh cycles with a mnimmof 1 hour drying
tinme in each cycle.” Constant weight would be defined as a |l oss in weight of
no greater than 0.01 g between the start weight and final weight of the |ast
cycle.
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6.2

6. 2.

6. 2.

6. 2.

1

2

3

If the percent solids of the soil/sedinment/solid sanple is | ess than or equa
to 30 percent (< 30%, then centrifuge and decant or filter the sanple to
renove the majority of the water. Determne the percent solids of the

remai ning centrifuged/filtered solid sanple. |If the percent solids of the
centrifuged or filtered soil/sedinment/solid sanple is greater than 30 percent
(> 30%, proceed with preparation and anal ysis of the centrifuged/filtered
sanpl e using the soil/sedinment/solid sanple nmethod as described in Exhibit D

If the percent solids of the centrifuged/filtered soil/sedinent/solid
sanple 1s less than or equal to 30 percent (< 30%, then the Contractor
shal | contact the RSCC for directions. The Region may require that the
Contractor do one of the foll ow ng:

Anal yze the centrifuged/filtered soil/sedinent/solid sanple "as is";

Use an additional aliquot (weight) of centrifuged soil/sedinent/solid
sample (< 30% S) for preparation and/or decrease the final digestate volunme
to achieve the dry wel ght CRQLs;

Use anot her nmethod of anal ysis;
Do not anal yze that sanple.

If the percent solids of the centrifuged/filtered soil/sedinment/ solid
sanple 1s less than 10 percent (< 10%, then the Contractor nust contact
the RSCC for directions. The Region may require that the Contractor do one
of the foll ow ng:

Anal yze the soil/sedinent/solid sanple (< 10% S) "as is";

Use an additional aliquot (meightL of soil/sedinment/solid sanple (< 10% S)
for preparati on and/or decrease the final digestate volune to achieve the

dry wei ght CRQLs;
Use anot her nmethod of anal ysis;
Do not anal yze that sanple.

If a sufficient sanple anpunt has not been provided by the sampler to
performthe additional percent solids determ nations and/or to anal yze an
I ncreased portion of sanple, then the Contractor shall contact the RSCC to
ascertai n whether or not the sanple should be anal yzed.

For all sanples that do not neet the greater than 30 ﬁercent solids (> 30% S)
requi renent, the Contractor shall note the problem the EPA sanple nunbers for
the af fected sanples, the initial and subsequent percent solid(s), the steps
taken to achieve the dry melght CRQLs including the weight/vol une/ percent
solids of the sanple prepared and anal yzed, the final digestate volune, and
the Region's instructions in the SDG Narrative.
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) Exhibit D -- Section IV
Part G- Total Organic Carbon in Water and WAst ewat er

DETERMINATION OF TOTAL ORGANIC CARBON IN WATER AND WASTEWATER
SCOPE AND APPLI CATI ON

The anal ytical method that follows is designed to neasure the anount of )
organi c carbon in water and wastewater. The persulfate-ultraviol et oxidation
nmet hod enpl oyed here, is a rapid and precise technique for the neasurenent of
trace | evel s” of organic carbon. A mininmm concentration of 50 ug organic
carbon/L can be quantitatively neasured. This nethod is, however, lInmited to
applications where the carbonaceous matter is either soluble or has a particle
size of 0.2 mmor less. The nethod is based on EPA Methods for Chemical
Analysis of Water and Wastes, Method 415.2, Revised 1983, and Standard Methods
for the Examination of Water and Wastewater, 18th Edition, 1992, Method 5310
C, and has been nodified for EPA New Engl and

SUMVARY OF METHOD

Two conparabl e detection systens for the determinati on of organic carbon in
aqueous sanpl es are described bel ow.

Fl ane ionizati on gas chromatography detection, after catal ytic conversion of
organi c carbon to mnethane

A portion of aqueous sanple is conbined with an acidified persul fate reagent
and placed in a sparging vessel. The sanple is purged with heliumwhich
transfers inorganic 815 and purgeabl e organics to a CO, scrubber. The acid
in the persulfate reagent converts carbonates and bicarbonates to whi ch
are renoved by the scrubber with at |east 99.9%efficiency over a 2.5 minute
purge.) The purgeabl e organics proceed through the scrubber and into a
reduction systenwmhere the gas streamis £0|ned by hydrogen and passed over a
ni ckel catalyst which converts the purgeabl e organic carbon to nmethane. The
net hane is then neasured by a flane ionization detector

The pur%ed sanple is then transferred to a quartz ultraviolet reaction coi
wher e the nonpurgeabl e organics are subjected to intense ultraviol et
illumnation 1 n the presence of the acidified persulfate reagent. The
nonpur geabl e organics are converted to CO,. The sanple is then transferred to
a second sparger where a heliumpurge transfers the CO to the reduction
a%stenw(mhere the CO, is converted to nethane) and then into the detector

ere the nmethane is neasured.

Direct non-dispersive infrared detection

An aliquot of acidified sanple is placed in the sparging vessel. The sanple
is purged with heliumwhich transfers inorganic CO, and purgeable organics to
a CO, scrubber. (The acid converts carbonates and bi carbonates to whi ch

are renoved by the scrubber with at |east 99.9%efficiency over a 2.5 minute
purge.) The purge gas, containing the purgeabl e organics, Proceeds_through
the scrubber and into a quartz ultraviolet reactor that is filled with a
constant-feed persulfate solution. 1In the presence of pursulfate, the intense
ul'traviolet illumnation oxidizes the organic carbon to CO. The CO, produced
is sparged continuously fromthe solution and is carried in the gas streamto
an infrared analyzer that is specifically tuned to the absorptive wavel ength

of CO.

The portion sparged sanple is then transferred directl
reactor where the nonpurgeabl e organics are oxidized t
the infrared anal yzer

y into the ultraviolet
0 CO, and sparged into
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Part

2.3

G - Total Oganic Carbon in Water and Wast ewat er

Met hod Detection Limts (MDLS)

Prior to sanple analysis, nethod detection linmts (MDLs) nust be deterni ned
for each instrument used for determning total organic carbon in accordance
with Exhibit E. The MDL val ue nust neet the CRQ. requirenents in Exhibit C

DEFI NI TI ONS

Total organic carbon neasured by this procedure is the sumof the purgeable
organi c carbon and the nonpurgeabl e organic carbon as defined in 3.2 and 3. 3.

Pur geabl e organic carbon is the organic carbon natter that is transferred to
t he gas phase when the sanmple is purged with helium and which passes through
t he 815 scrubber

Nonpur geabl e organi ¢ carbon is defined as that which renains after renoval of
t he i norgani c carbon and the purgeabl e organi c carbon

SAMPLE HANDLI NG AND PRESERVATI ON

Sanpl es nmust be collected in 4 oz. glass jars with Teflon lined caps. The
sanpl es nust be acidified with sulfuric acid to EH 2 at the tinme of collection
and nmust be taken wi thout headsgace to prevent the | oss of purgeable or gani cs.
Cool and maintain sanples at 4°C until the time of analysis. Sanples nust be
anal yzed within 26 days fromthe verified time of sanple receipt (VISR

| NTERFERENCES
If a sanple requires honogenization

particul ate matter, the honpgeni zi ng
carbon, thus yielding erroneously |o

n a bl ender to reduce the size of the
may cause | oss of purgeable organic
w results

The intensity of the ultraviolet |light reaching the sanple matrix may be
reduced by highly turbid sanples or with aging of the ultraviolet source,
resulting in sluggish or inconplete oxidation

Persul fate oxidation of organic nolecules is slowed in sanples containing
significant concentrations of chloride by the preferential oxidation of
chloride; at a concentration of 0.1%chloride, oxidation of organic matter may
be inhibited conpletely. To renove this interference add nmercuric nitrate to
the persulfate solution

Wth any organi c carbon measurenent, contamination during sanple handling and
treatment is a likely source of interference

APPARATUS

Bal ance - anal ytical, capable of accurately weighing £ 0.0001 g. The bal ance
nmust be calibrated in accordance with ASTM E 61/ specifications each 8-hour
work shift. The balance nust al so be checked annuallg by a certified
technician. Al bal ance checks and nai ntenance nust be recorded in a bound
IogEook and a copy of this information nmust be subnmitted with the sanple data
package.

Apparatus for bl ending or honogenizing sanples: A household bl ender or
simlar device that wll reduce particles In the sanple to Il ess than 0.2 mm
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Anal ytical instrument options:

No specific analyzer is recommended as superior. The instruments listed in
Sections 6.3.1 and 6.3.2 are for informational purposes only and are not
intended to restrict the use of other instrunents capable of analyzing TCC

Dohr mann Envirotech DC-54 Carbon Anal yzer, or equival ent.

The essential conponents for the aPparatus used in this nmethod are: A
sParge.assenbly, | ow swi tching val ves, a p¥roly3|s furnace, quartz

ul traviolet reactor coil, reducing colum,

el ectroneter and integrator.

| ane ionization detector,

Dohr mann DC- 80 Carbon Anal yzer, or equival ent.

The essential conponents for the apparatus used in this nmethod are: A
sparge assenbly, quartz ultraviolet reactor, non-dispersive infrared
anal yzer, electroneter and integrator

Assorted Pipets
Syringes - 50 pL, 250 pL, and 1000 pL capacity
REAGENTS

Distilled or deionized water - ultra pure for preparation of standards
and for dilution of sanples.

Acidified Persulfate Reagent. To 100 nmL of distilled or deionized water, add
5 g of potassium persulfate and 3 nL of concentrated (85% phosphoric acid.

Note: The acidified persulfate reagent is for use with the procedure

i ncorporating the TOC anal yzer described in Section 6.3. 1. or the persulfate
reagent required for the TOC anal yzer described in Section 6.3.2, refer to the
manuf acturer's instructions for reagent preparation

St ock St andar ds

Pot assi um hydr ogen phthal ate, stock solution, (1000 ng carbon/L).
Di ssol ve 0.2128 8 0 potaSS|un1hydrogen pht hal ate (Primary Standard G ade
in distilled or deionized water and dilute to 100 ml in a volunetric flask.

Car bonat e- bi car bonate, stock sol ution §1000.ng carbon/L). Dissolve 0.3500
of sodi um bi carbonate and 0. 4418 of sodium carbonate in distilled or
eioni zed water and dilute to 100 in a volunetric fl ask.

Secondary dilution standard
Prepare a secondary dilution standard by diluting the_potassiunwhydro%en
pht hal ate stock solution (7.3.1) with distilled or deionized water. he

secpndarY.dilution standard shoul d be Prepared at a concentration that can be
easily aliquoted to prepare the initial and continuing calibration standards.
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7.5 Working Standards

Al

wor ki ng standards nust be prepared fresh daily prior to anal ysis.

Initial Calibration Standards

Prepare a series of five initial calibration standards, including a blank
and four standards, by pipetting appropriate volunmes of the secondary )
standard solution (7.4) into separate 100 nL volunetric flasks and diluting
to volunme. The |low standard (not including the blank) nust be prepared at

a concentration equal to the (50 pg/L). The hiﬂ calibration standard
shal| define the l'inear range for the analysis and the renaini ng standards
shal |l be at graduated intervals between the | ow and hi gh standards.

Continuing Calibration standard

Prepare a continuing calibration standard fromthe secondary dilution
standard at a concentration equal to a md-point standard in the
cal i bration curve

Initial Calibration Verification Standard

Prepare an initial calibration verification standard at a concentration
near the md-range of the calibration curve, but not equal to the any of
the initial calibration standards. The initial calibration verification
standard nust be prepared froma source other than that used to prepare the
initiral calibration standards (e.q. second source verification).

Car bonat e- bi car bonat e, standard sol ution (50 carbon/L). Pipet 5 nL of
t he carbonat e- bi carbonate stock solution in a 100 nL volunetric flask and
dilute to volume with distilled or deionized water

Laboratory Fortified Bl ank

Preﬁare a Laboratory Fort
pht hal ate at a concentrat

ified Blank (LFB) containing Eotassiunwhydrogen
) i . One LFB
and anal yzed with each bat

fi
on equal to the nmust be prepared
ch of sanpl es prepared and anal yzed.

8.0 PROCEDURE
Sanpl e Preparation

8.1.2.2

If insufficient sanple volune (less than 90% of the required volunek i s
received to performthe anal yses, the Contractor shall contact the RSCC for
instructions. The Region will either require that sanple anal yses not be
performed or will require that a reduced vol une be used for the sanple

anal ysis. _Changes in the sanple anal ysis nmust be preapproved by the

Regi on. The Contractor shall docunment the problem EPA sanple nunbers for
the affected sanples, and the Region's instructions (including sanple

vol ume prepared and anal yzed) in the SDG Narrative.

I f nultiphase sanples (e.qg., tmo—ﬁhase liquid sanBIe) are received by the
Contractor, then the Contractor shall notify the RSCC that a multi phase
sanmpl e has been received.

If all phases of the sanple are anenable to analysis, the Region nay
require the Contractor to do one of the follow ng:

. M x the sanple and anal yze an aliquot fromthe honobgeni zed sanpl e.

. Separate the phases of the sanple and anal yze each phase separately.
The RSCC wi || provide EPA sanple nunbers for the additional phases,
if required

. Separate the phases of the sanple and anal yze one or nore of the
phases, but not all of the phases. The RSCC wi ||l provide EPA sanple
nunbers for the additional phases, if required.

. Do not anal yze the sanple.

If all of the phases are not anenable to anaIKsis (i.e., outside scope

of the nethod), then the Region may require the Contractor to do one of
the foll ow ng:
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. Separate the phases and anal yze the phase(s) that is anenable to
analysis. The RSCC wi || provide EPA sanpl e nunbers for the
addi ti onal phases, if required.

. Do not anal yze the sanple.

The Contractor shall docunment the problem the EPA sanple nunbers for
Rge a{fected sanpl es, and the Region's instructions in the SDG
rrative.

If the sanple contains gross particulate or insoluble matter, honogenize
the sanple in a blender for approximately 1 minute until a representation
portion can be aliquoted through a pipet and/or syringe needle.

Al'l aqueous sanples nust be allowed to warmto anbi ent tenperature before
aliquoting for analysis. |If any sanple containers contain air bubbles, the
Contractor shall docunment the problem the size of the air bubble, and the
EPA sanpl e nunbers for the affected sanples in the SDG Narrative. |f

nul tiple containers are provided for that sanple, then the Contractor shal
use the sanpl e contai ner which does not contaln air bubbles.

pH Det erm nati on

Prior to taking the sanPIe aliquots, the pH of the aqueous sanple nust be
checked. The purpose of the pH determi nation is to ensure that all TCC
sanples were acidified in the field. Test the pH by placing one or two
drops_of sanple on the pH paper (do not add pH paper to the sanple o
conta|ner?. If the sanple pHis greater 2, adjust to pH 2 by the addition
of 1:1 sulfuric acid or 1:1 phosphoric acid. te the sanpl es which

requi red pH adjustnent in the SDG Narrati ve.

Agqueous sanpl e anal ysis

Prior to aliquoting sanples for preparation and anal ysis, establish the
appropriate TOC operating conditions and calibrate the analyzer as outlined
in Section 7.2. his shoul d be done to avoid | oss of purgeabl e organics.

For the carbon anal yzer described in Section 6.3.1, add 1 nL of acidified
persulfate reagent (7.6) to 50 nL of sanple. For the carbon anal yzer
described in Section 6.3.2 no acidified persulfate reagent is required.

Aliquot 10 ml of sanple into a sparging vessel and proceed with the
pur geabl e organics analysis followi ng the manufacturer's instructions.

Fol | owi ng the purgeabl e organi cs determ nation, analyze the purged )
sanpl e (or an aliquot of the purged sanple) for nonpurgeable organics in
accordance with the manufacturer™s instructions.

i bration and Anal ysis

Al'low at least 30 mnutes instrunent warmup tinme. Follow the )
manuf acturer's instructions for assenbly/set-up, testing, calibration, and
operati on.

Prepare the series of initial calibration standards specified in Section
7.5.1. If the carbon analyzer described in Section 6.3.1 is being used,
a?d é nb of acidified persulfate reagent (7.2) to 50 nL of calibration

st andar d.

Calibrate the instrument using the blank and the four calibration standards
that define the analytical range. Prepare a calibration curve plotting ug
carbon vs. instrunment response. The calibration curve nust neet the
criteria for linearity specified in Exhibit E, to continue the analysis.

NOTE: The bl ank and standards that make uP the calibration curve, may
be anal yzed directly, omtting the purgeable organics determnation, if

The response of the bl ank ganalyzed directly) is less than or equa

to one half the response of the | owest standard (50 pg carbon/L,
anal yzed directly), or
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The response of the blank (analyzed directly), after acidifying and
pu{ﬁlng the standard, is the sane as analyzing the blank directly
W

out purging.

O herwi se, all calibration blanks and standards nust be anal yzed for
bot h purgeabl e and nonpur geabl e organi cs.

8.2.3.2 If the TOC anal yzer prevents the required 5 point calibration, calibrate
according to the instrunent manufacturer's recommendations, and anal yze
the remaining required standards i nmediately after calibration. The
results of all additional standards (except the |ow standard at the
CRQL) shall be within + 20% of the true value. The CRQ standard mnust
be wthin £+ CRQL value. The concentration of each standard and the
cal culations to show that the recovery criteria have been net shall be
docunented in the raw data

8.2.3.3 If the values do not fall within this range, the instrunent nust be
recal i brated and the additional standards reanal yzed. The additiona
standards nust neet the criteria specified in Section 8.2.3.2 before any
sanpl es, QC sanpl es and required bl anks are anal yzed.

8.2.4 After the instrunent has been calibrated, the analytical sequence that is
outlined bel ow and described in Exhibit E nust be followed. In addition
the quality control criteria specified in Section 10.0 nmust be adhered to.
The results of these anal yses nust neet the acceptance criteria specified
in Exhibit E and Section 10.0 to continue the anal ysis.

Note, if the criteria in Section 8.2.3.1 were net, the ICV and CCV
calibration verification standards nmay be anal yzed dlrectl¥, omtting the
purglng step. The 1CB and CCB, however, nust_ be anal yzed for both

pur geabl e and nonpurgeabl e organics to deternmine if contamination is
present in either step of the anal ysis process.

8.2.4.1 Anal yti cal Sequence Summary
Initial Calibration (blank and 4 standards)

I Cv, ICB, LFB, carbonate-bicarbonate check standard (see Section
10.2), CCv,

10 anal ytical sanples, maxinum (all sanples nust be anal yzed in
dupl i cat e)

CCV, CCB (repeated every 10 anal ytical sanples, but not greater than
every 2 hours)

Last anal ytical sanple, carbonate-bicarbonate check standard, LFB

8.3 Sanpl e Dil utions

3.1 Use the results of the original analysis to determ ne the approxi mte
dilution factor required to bring the response within the initial
calibration range.

8.3.2 The dilution factor chosen shoul d keep the response in the upper half of
the initial calibration range of the Instrunent.

8.3.3 Al dilutions of aqueous sanples are prepared in volunetric flasks (10 nL
to 100 ni).

8.3.4 Sel ect the volunetric flask that will allow for the necessary dilution
Internediate dilutions may be necessary for extrenely large dilutions.

8.3.5 Cal cul ate the approximate vol une of distilled or deionized water which wll
be added to the volunetric flask selected and add slightly less than this
gquantity to the flask.

k
8.3.6 Pi pet the proper aliquot of sanple into the volunetric flask and dilute to
Ehe mark wth distill or deionized water. Cap the flask and invert three
i mes.
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8.3.7 If this is an internmediate dilution, use it and repeat the above procedure

to further dilute the sanple.
8.3.8

Anal yzed the diluted sanple in accordance with Section 8.0.
9.0 CALCULATI ONS

Determ ne the concentration of Total

f f Organi ¢ Carbon, pg/L, for each sanple, QC
sanpl e, and required bl ank using Equation 1.
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10.0
10. 1

10.1.1

10.1.2

10.1.3

10.1.4

EQ 1
POC) (DF NPOC) (DF
Total Organic Carbon (pg/L) = (POG) (BF) , | ) (OF)
Vl V2

Wher e,
POC = Purgeable Organic Carbon determ ned fromcalibration curve, pg
NPOC = Nonpur geabl e Organi ¢ Carbon determned fromcalibration curve, ug
V. = Vol une of sanple purged for POC deterni nation, ) )
v, = Vol une of sanple purged or injected for NPCC determ nation, L
Efl = D IUtHFn factor for purgeable fraction (If no dilution is perforned,
Df, = D fution factor for nonpurgeabl e fraction (If no dilution is

performed, Df, = 1

QUALI TY CONTROL
Bl anks

There are three types of blanks required by this nethod: the initial )
g?I|Erat|on bl ank™ (1 CB), continuing calibration blank (CCB), and preparation
ank.

The I CB and CCB consist of a volune of distilled or deionized water that is
acidified to RH of 2 and anal yzed in the same nmanner as the anal yti cal )
standards. The results of the I1CB and CCB anal yses indi cate whether there is
contam nation in the systemfrom a previ ous sanpl e.

The preparation blank consists of a volume of distilled or deionized water
that is acidified to pH of 2. The Preparatlon bl ank is prepared and anal yzed
in the identical manner as the sanples in the SDG |If additional preparation
techni ques are used, such as bl ender honogeni zati on, the preparation bl ank
nmust be subjected to the sane techniques, The purpose of a preparation blank
is to determine the levels of contamination associated with the processing and
anal ysi s of sanples.

Frequency

Al'l blanks (ICB, CCB, preparation blank) nust be analyzed at the frequency

specified in Exhibit E and nust be anal yzed for both purgeabl e and

nonpur geabl e organi ¢ carbon

Procedure

Erepare and anal yze all blanks in accordance with Section 8.0 and Exhibits

Cal cul ati ons

Determ ne the total organic carbon content for each blank using Equation 1.

Techni cal Acceptance Criteria
Al'l bl anks must be prePared and anal yzed at the frequency described in

Section 10.1.1 and nust neet the acceptance criteria specified in Exhibit E
for blank anal yses.
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Corrective Action

If the technical acceptance criteria for blank anal yses are not met, then
the contractor nust stop and correct the problem before continuing.

Any blank that fails to neet the technical acceptance criteria as specified
in Section 10.1.1 and Exhibit E for blank anal yses nust be reanal yzed at no
additional cost to the Agency. Furthernore, all sanples, including the
duplicate and matri x spi ke sanples, associated with the blank that does not
neet the technical acceptance criteria for blanks nust al so be reanal yzed
at no additional cost to the Agency.

If sanple analyses are reported with non-conpliant blanks, then the )
contractor shall receive a commensurate reduction in sanple price depending
upon the inpact of the non-conpliance on data usability.

Car bonat e- Bi car bonat e Check Standard

The car bonat e- bi carbonate check standard anal ysi s provi des information
regarding the efficiency of the CO scrubber used in-line with the purgeabl e
organi c_carbon determ nation. The in-line scrubber is present to renove
|norPan|c.carbon (carbonate and bi carbonate that is converted to CO, during
sanple acidification) fromthe sanple being purged.

Frequency

The car bonat e- bi carbonate check standard anal ysis shall be required for the
pur geabl e organi c carbon determination. The check standard nust be
analyzed prior to the analysis of any sanples, QC sanples or required

bl anks, and after the last sanple in the analytical sequence (refer to the
anal ytical sequence sunmary, Section 8.2.4.1). The analysis conditions for
t he carbonat e-bi carbonate check standard nust be the sane as those for the
anal yti cal sanples.

Procedure

Fol | ow t he procedures specified in Section 8.0 for the preparation and

anal ysis of the carbonat e-bi carbonate check standard. esul ts of

car bonat e- bi carbonat e check standard anal yses shall be reported on FORM 2A.
Cal cul ati ons

Determi ne the concentration of any inorganic carbon that passed through the
scrubber in ng/L using Equation 2.

EQ 2
. IC
Inorganic Carbon (pug/ L) VA
\Wer e,
I C = Inorgani c carbon passing the CO, scrubber, pug

\% Vol une of sanple purged, L
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Techni cal Acceptance Criteria

Car bonat e- bi car bonat e check standards nust be prepared and anal yzed at the
frequency described in Section 10.2.1.

The concentration of inorganic carbon passing the CO, scrubber mnmust be
| ess than the CRQL.

Corrective Action

If the carbonate-bicarbonate check standard anal ysis does not neet the

t echni cal acceptance criteria in Section 10.2.4, the analysis shall be
stopped, the problem deternm ned and t he carbonat e-bi carbonate check
standard nust be reanal yzed. The carbonat e-bi carbonate check standard
anal ysi s nmust neet the technical acceptance prior to the analysis of any
sanpl es, QC sanples or required blanks for purgeabl e organic carbon. i
Furthernore, all sanples, QC sanples or required bl anks anal yzed uB unti |
the last conpliant carbonate-bicarbonate check standard nust al so be
reanal yzed at no additional cost to the Agency.

If sanple analyses are reported with non-conpliant carbonate-bicarbonate
check standards, then the contractor shall receive a conmensurate reduction
in garple price dependi ng upon the inpact of the non-conpliance on data
usability.

10.3 Duplicate Sanple Analysis (D)

The duplicate sanple analysis provides information regarding the precision of
the preparati on and anal ysis procedures. Duplicate anal yses shall be reported

on
10.3.1

10.3. 2

10.3.4
10.

w
P
=

10.3. 4.2

10.3.5

10. 3.6

F 1B

Frequency

Each sanple in the Sanple Delivery Goup (SDG shall be analyzed in
duplicate. Duplicate anaIKses are required for both the purgeabl e and
nonpur geabl e factions of the TOC anal ysi s.

Procedure

Fol | ow the procedures as specified in Section 8.0 for the preparati on and
anal ysis of the original and duplicate sanples.

Cal cul ati ons

Determ ne the total organic carbon content in the original and duplicate
sanpl es using Equation 1.

Cal cul ate the Relative Percent Difference &RPD) bet ween t he original and
dupl i cate sanpl e using Eguatlon 3 bel ow. eport RPD results on Form 1B
as described in Exhibit E.

EQ 3
S-DJ
RPD = Is-bj 100
(soy/2 ~
Wer e,
RPD = Rel ative Percent Difference
S = Sanple result (original), u?lL
D = Duplicate sanple result, pg/L

Techni cal Acceptance Criteria

Dupl i cate sanpl es nust be prepared and anal yzed at the frequency descri bed
in Section 10.3.1 and nust neet the acceptance criteria specified in

Exhi bit E for duplicate anal yses.

Corrective Action

Sanpl es that do not nmeet the technical acceptance criteria for duplicate
anal ysis shall be reanal yzed, once, at no additional cost to the Agency.
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An original and duplicate of that sanple nust be reanalyzed. Report both
the orrginal and duplicate results for both the original analysis and the
re-anal ysis on Form 1B as described in Exhibit B. [f an RPD result does
not nmeet the acceptance criteria, flag the result with an "*" on FORM 1B

.3.6.1 Dupl i cate sanpl es must be prepared and anal yzed for every sanple in an
SDG If duplicates are not prepared and anal yzed for every sanple in an
SDG the contractor shall reprepare and reanal yzed those sanpl es not
analyzed in duplicate at no additional cost to the Agency. anal yses
nmust " be performed within contract required holding tinmes and nust neet
all sanple acceptance criteria.

.3.6.2 Sanpl e results reported w thout duplicate anal yses shall be receive a
conmensurate reduction in sanple price or zero paynent dependi ng upon
the i nmpact of the non-conpliance on data usability.

N

Spi ke Sanpl e Analysis (9S)

N

.1 Summary

In order to evaluate the effects of the sanple matrix and to determ ne the
precision of the nmethod used for TCC determ nation, a sanple nust be spi ked
wi th organi c carbon and anal yzed i n accordance with the nethod.

4.2 Frequency of Spi ke Analysis

4.2.1 A spiked sanple analysis nust be perfornmed for each ?roup of sanples of a
simlar matrix for the follow ng, whichever is nost frequent:

. Each SDG (not to exceed 20 field sanples), or
. Each matrix within an SDG or

. EPA may require additional M anal yses, upon Regional request, for
whi ch the ntractor will be paid.

.4.2.2 As a part of the Agency's QN QC program aqueous equi prent and/or field
bl anks nay_acconﬁany wat er sanples that are delivered to a | aboratory
for analysis. The Contractor shall not performthe spi ke analysis on
any of the designated field QC sanples.

.4.2.3 The Contractor shall not performthe spi ke analysis on any designated
Per f or mance Eval uati on sanpl es.

.4.2. 4 | f the EPA Regi on designates a sanple to be used as a spi ked sanple, then

that sanple nust be used. |If there is insufficient sanple volune to
performa spi ke analysis, then the Contractor shall contact the RSCC to
ascertain an alternate sanple to be used for the spike analysis. The EPA
sanpl e nunbers, the Region s instructions, and date of contact nust be
included in the SDG Narrati ve.

.4.2.5 If there is insufficient sanple volume in any of the sanples in an SDG to
perform a spi ke analysis, then the Contractor shall inmediately contact
the RSCC to report the problem The Region will either approve that no
spi ked sanﬁle IS required, or require that a reduced sanple aliquot be
used for the unspiked sanple and the spi ked sanpl e analysis, or that the
unspi ked sanple Is analyzed at full volunme and the spiked sanple is

anal yzed at reduced volunme. The RSCC will notify the Contractor of the
RESO ?tlon. The Contractor shall docunent the decision in the SDG

rrative.

.4.2.6 If the Contractor has a question regarding the freguency, etc., of the
spi ke analysis for a particular SDG contact the RSCC for clarification

. 4.3 Procedure for Preparing a spiked sanple

To prepare a spi ke sanple, add 25 pyL of the ﬁotassiunwh drogen phthal ate
stock solution (Section 7,3.1) to 50 nL of the sanple chosen for spiking.
Process the sanple according to Section 8. Disregarding any dil utions,
this is equivalent to a concentration of 500 pg/L of the spiked conpound.
.4.3.1 Before perform ng a spi ke anal ysis, analyze the sanple used for spiKking.
If the sanple analysis required a dilution to bring the sanple results
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within the calibration
u3|n% the sane dilution
t he Agency.

range, then the spiked sanple should be prepared
for which the sanple results will be reported to
10.4. 4 Cal cul ations for Spiked Sanple Anal ysis

10.4.4.1 Cal cul ate the TOC concentration of the spiked sanple using Equation 1.
10.4.4.2 Cal cul ate the recovery of the spiked compound using equation 4.

EQ 4

Matrix Spike Recovery = Eﬁf%i—gg x 100

Wher e,

SSR = Spi ked sanpl e result
SR = Sanpl e result
SA = Spi ke added

10.4.5 Techni cal Acceptance Criteria for Spike Sanple Anal ysis
10.4.5.1 Al'l Spi ked sanpl es nust be anal yzed on a TOC system neeting the initial

calibration, initial calibration verification, and continuing
calibration technical acceptance criteria defined in Exhibit E

10.4.5.2 The Spi ked sanpl es nust be anal yzed or reanal yzed within the contract
required holding tinme defined in Section 4.

10.4.5.3 Al'l spi ked sanpl es nmust have an associ ated Preparation bl ank, and I CB
and CCB bl anks that neet the blank technical acceptance criteria defined
in Exhibit E

10.4.5. 4 The techni cal acceptance criteria for spiked sanple recoveries are given

in Exhibit E. These limts are advisory and no further action bY.t.e

| aboratory is required. However, frequent failures to neet the [imts
for recovery warrant investigation by the |aboratory, and may result in
guestions fromthe Agency.

10.4.6 Corrective Action for Spiked Sanple Analysis

Any spi ked sanple that does not neet the technical acceptance criteria for
spi ked sanpl e anal ysis nmust be reanal yzed at no additional cost to the
Agency. Both sets of data nust be reported on separate Forns 5A and nust
distingui sh between the initial analysis and the reanal ysis using the
suffixes in Exhibit

10.4.6.1 Corrective actions for failure to neet initial and continuing
calibration and initial calibration verification nust be conpl et ed
bef ore the anal ysis of any QC sanpl es.

10.4.6.2 Corrective actions for failure to neet all blank technical acceptance

criteria nust be net before the analysis of any QC sanpl es.

10.4.6.3 The contractor mnmust nmake every effort to reanalyze the sanple within the
contract required holding tines.

10.5 Laboratory Fortified Bl ank (LFB)
The Laboratory Fortified Blank (LFB) analysis verifies the accuracg at the
Contract Required Quantitation Linmt. The concentration of the LFB shall be
at the CRQ.
10.5.1 Frequency
One LFB nust be RreEared and analyzed with each batch of sanples prepared
and anal yzed. The LFB nmust be anal yzed after the initial calibration

bl ank, prior to the analysis of any sanples, and after the last sanple in
t he anal ytical sequence (refer to the anal ytical sequence sumary, Section
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8.2.4.1). The preparation and analysis conditions for the LFB nust be the
same as those for the anal ytical sanhples.

Procedure

Prepare an LFB at a concentration equal to the CRQL using Eotassium.
hydrogen pht hal ate standard (section 7.3.1). Process the LFB according to
procedures specified in Section 8.0.

Cal cul ati ons

Cal cul ate the percent recovery of the LFB using Equation 5:
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EQ 5
Percent Recovery (%) = ¥I x 100
Wer e,
M Measured anal yte concentration

T True anal yte concentration

Techni cal Acceptance Criteria

The LFB nust be prepared and anal yzed at the frequency described in Section
10.5.1. The LFB nust neet the acceptance criteria specified in Exhibit E
for LFB anal yses.

Corrective Action

If the LFB does not neet the technical acceptance criteria in Section
10.5.4, then the analysis shall be terminated, the problemcorrected and
the sanpl es associated with that LFB redi gested and reanal yzed. The LFB
anal ysi s nust neet the technical acceptance prior to the anhalysis of any
sanpl es, QC sanples or required blanks. Furthernore, all sanples, CC
sanpl es or required blanks analyzed up until the |ast conpliant LFB must
al so be reanalyzed at no additional cost to the Agency.

If sanpl e anal yses are reported with non-conpliant LFB anal yses, then the

contractor shall receive a comensurate reduction in sanple price depending
upon the inpact of the non-conpliance on data usability.

D- 106



1

) Exhibit D -- Section IV
Part G- Total Organic Carbon in Soil and Sedi nent

DETERMINATION OF TOTAL ORGANIC CARBON IN SOIL AND SEDIMENT
SCOPE AND APPLI CATI ON

The anal ytical method that follows is designed to neasure the anount of
organi c carbon in soil and sedinents. Although the detection limt may vary
with procedure or instrunent, a mninumdry weight reporting value of 100
no/ kg shall be required. Wt conbustion nethods are not considered to be
equi valent to the ﬁyrolytlc met hods herein described. This nethod is based on
t he LI oyd Kahn Method for Determination of Total Organic Carbon in Sediment.
E.Si ESA, Region Il. July 1986. The nethod has been nodified for EPA New

ngl and.

SUMVARY OF METHOD

A portion of well mxed sanple (up to 500 ng) is first treated with an acid
solution to renove inorgani c carbon. (The acid converts carbonates and
bi carbonates in the sanple to CO, which driven off by heating the sanple to
75°C for 1 hour.) The organic conpounds in the sanple are then deconposed by
pyrol¥3|s.|n t he presence of oxygen or air. The carbon dioxide that is fornmed
Is deternm ned by:

Direct non-dispersive infrared detection

Fl are i oni zati on gas chronmat ography after catal ytic conversion of the
car bon di oxi de to net hane,

Thermal conductivity gas chromat ography,

Differential thermal conductivity detection by sequential renoval of water
and carbon di oxi de, or

Thermal conductivity detection follow ng renoval of water with magnesi um
perchl orate

Water content is determ ned on a separate portion of soil/sedinment.
Met hod Detection Limits (MDLS)

Prior to sanple anal ysis, nethod detection limts (MDLs) nust be deternined
for each instrument used for determining total organic carbon in accordance
with Exhibit E. The MDL value nust be determined in total ng carbon and state
the mnimumdry weight of sanple that nust be anal yzed to obtain the CRQL
requi renent in Exhibit C

SAMPLE HANDLI NG AND PRESERVATI ON

Col l ect soil/sedinments in 4 oz. glass jars with Teflon or alum numfoil |ined
caps. Cool and maintain sanples at 4°C until the time of analysis. Sanples
must ?e anal yzed within 12 days fromthe verified tinme of sanple receipt

(VTSR
| NTERFERENCES

Vol atile organics in the soil/sedinments nay be |ost in the decarbonation step
resulting in a | ow bias.

Bacterial deconposi
m ni mzed by malnta
t

tion and vol atilization of the organi c conpounds are
i
speci fied holding ti

ning the sanple at 4°C, analyzing the sanple within the
me, and anal yzing the sanpl e as received.
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APPARATUS

Bal ance - top | oading, capable of meighing accurately to +0.01 g, analytical
capabl e of accurately weighing * 0.0001 g. The bal ance nust be calibrated in
accordance with ASTM E 617 specifications each 8-hour work shift. The bal ance
nmust al so be checked annually by a certified technician. Al bal ance checks
and mai nt enance nust be recorded in a bound | ogbook and a copy of this

i nfornmati on nust be subnitted with the sanpl e data package.

Oven - capable of being regulated to a constant tenperature of 105 * 5°C. The
105°C oven tenperature nust be checked daily, prior to use, using a second
source thernoneter. The second source thernoneter tenperature nmust agree
within £ 2°C of the oven thernoneter or digital readout. |If this limt is not
met, then the problemthernmoneter nust be determ ned and replaced, or if the
oven uses a digital readout, the digital readout nust be recalibrated or a
conpliant thernoneter nust be used in its place. Al thernoneters nust be
checked at | east annuallﬁ against a primary reference thernmoneter. Al

t her monet er checks nust be recorded 1n a bound | ogbook and a copy of this

i nformati on nust be submitted with the sanpl e data package.

Anal ytical instrunment options:

No specific anal yzer is reconmended as superior. The instrunents listed in
Sections 5.3.1 through 5.3.4 are for informati onal purposes only and are not
intended to restrict the use of other unlisted instruments capabl e of
analyzing TOC. Instrunents used nust have the follow ng m nimum
specifications:

A conbustion boat which is heated in a stream of oxygen or air in a
resi stance or induction-type furnace to conpletely convert organic
substances to CO, and water.

A means to, physically or by neasurenent techni que, separate water and
other interferants from CO.

A neans to quantitatively determne CO, with adequate sensitivity (100
ng/ kg, dry weight basis), and precision (25% at the 95% confidence | evel
as an?nstrate by repetitive nmeasurenents of a well m xed soil/sedi nent
sanpl e) .

Perkin El mer Model 240C El enental Anal yzer or equival ent.

In this instrument, the sanple is pyrolyzed under pure oxygen, water is
renmoved by magnesi um perchlorate and the carbon_ dioxide is renmoved by
ascarite. The decrease in signal obtained by differential thermal
conductivity detectors placed between the conbustion gas stream before and
after the ascarite tube is a nmeasure of the organic carbon content.

Carlo Erba Mddel 1106 CHN Anal yzer, or equivalent.

In this instrument, the sanple is pyrolyzed in an induction type furnace,
and the resultant carbon di oxide is chromatographically separated and
anal yzed by a differential thermal conductivity detector

LECO Model s WR12, WR112, or CR-12 carbon determ nators, or Mdels 600 or
800 CHN anal yzers, or equival ent.
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1 n the LECO WR-12, the sanple is burned in a high freguency i nduction
urnace and the carbon dioxide is selectively absorbed at room
enmperature in a nolecular sieve. |t is subsequently released by
eating and is neasured by a thermal conductivity detector. The WR 112
s an upgraded WR-12 enpl oyi ng m croprocessor electronics and a printer

to replace the electronic digital voltneter

2 In the LECO CR-12 carbon determinator, the sanple is conmbusted in
oxygen, noisture and dust are renoved by appropriate traps and the
car bon di oxi de is neasured bK a selective, solid state, Infrared
detector. The signal fromthe detector is then processed by a
nm croprocessor and the carbon content is displayed on a digital readout
and recorded on an integral printer

3 In the LECO CHN-600 and CHN-800 el enental analyzers, the sanple is
burned under oxygen in a resistance furnace and the carbon dioxide is
nmeasured by a selective infrared detector.

|
f
t
h
|

Dohr mann Model DC85 Digital H gh Tenperature TOC Anal yzer, or equival ent.
In this instrument, the sanple is burned in resistance furnace under
oxygen, the interfering gases are renoved by a sparger/scrubber system and
the carbon dioxide is nmeasured by a non-di spersive infrared detector and
shown on a digital display in cohcentration units.
A strip chart or other permanent recordi ng device to docunent the anal ysis.
Stainl ess steel spatula or scoop

Al um num wei ghi ng di shes or porcelain crucibles for percent solids
det ermi nati on

Desi ccat or
REAGENTS

Distilled or deionized water - ultra pure for preparation of standards
and for dilution of sanples.

Phosphoric acid solution, 1:1 by vol une.
St ock St andards

Pot assi um hydr ogen pht hal ate, stock solution, (10,000 ng carbon/L).
Di ssolve 2.128 g of potassi um hydrogen phthalate (Primary Standard G ade)
a volunetric flask.

in distilled or deionized water and dilute to 100 m i

. Dissolve 1.750 g
Eistill ed or
sk.

of sodi um bi carbonate and 2. 209 of sodi um car bonate

n
Car bonat e- bi car bonat e, stock sol ution (5000 ng carbon/L
i
dei oni zed water and dilute to 100 nL in a volunetric fl

)
n
a
Wor ki ng St andar ds

Al'l working standards must be prepared fresh daily prior to anal ysis.
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Initial Calibration Standards

Prepare a series of five initial calibration standards, including a blank
and four standards, by 8|pett|ng appropriate volumes of the stock solution
(6.3.1) into separate 50 nL volunetric flasks and diluting to volunme. The
| owest concentration standard nust be prepared to yield an e$U|va!ent
sanpl e detection limt of 100 ng/Kg on a dry wei ght basis. he hi gh

cal i bration standard shall define the |inear range of the analysis and the
remai ni ng standards shall be at graduated intervals between the | ow and
hi gh st andar ds.

Conti nui ng Calibration standard

Prepare a continuing calibration standard fromthe stock standard sol ution
at a concentration equal to a md-point standard in the calibration curve.

Initial Calibration Verification Standard

Prepare an initial calibration verification standard at a concentration
near the md-range of the calibration curve, but not equal to the any of
the initial calibration standards. The initial calibration verification
standard nust be prepared froma source other than that used to prepare the
initiral calibration standards (e.qg. second source verification).

Laboratory Fortified Bl ank

Preﬁare a Laboratory Fortified Bl ank (LFB) containing Eotassiunwhydrogen
pht hal ate at a concentration equal to the CRQL. One LFB nust be prepared
and anal yzed with each batch of sanples prepared and anal yzed.

PROCEDURE

Weigh a portion of well nixed sanple (up to 500 ng) into the conbustion boat
or sanple cup. Add 1:1 phosPhorlc acid drop wise until effervescence stops.
NOTE: The acid nust make solid contact with the sanple. Heat the sanple in a
drying oven at 75°C for 1 hour

NOTE: This procedure wl
i

pro convert inorganic carbonates and bi carbonates
to carbon dioxide and el

I
m nate themfromthe sanple.

VWi le the sanples are in the oven, establish the appropriate TOC operating
conditions and calibrate the anal yzer as outlined 1n Section 8.0.

Anal yze the residue according to the instrunent manufacturer's
i nstructions.

Determ ne percent solids on a separate sanple aliquot as foll ows:

Record to the nearest 0.01 g the mass of a clean porcelain crucible or
al um num wei ghi ng di sh.

Transfer 5 - 10 g of well mixed soil/sedinment into the pre-weighed crucible
or wei ghing dish and record the weight of the sanple to the nearest 0.01 g.
EkY the sanple overnight, or for at |east 12 hours, in an oven at 105°C
Allow the sanple to cool in a desiccator
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Rewei gh and record the mass of the oven-dried sanple to the nearest 0.01 g
Cal cul'ate the Percent Solids content using Equation 1. The total organic
carbon concentrations shall be reported relative to the dry weight o

soi | / sedi ment/ sol i d.

EQ 1

Sample Dry Wt. (Q)

Sample Wet Wt. (Q) x 100

%Solids =

If the soil sanple contains a percent solids content of |ess than or equa
to 30%solids, then a larger sanple nust be analyzed in order to neet the
reporting limt requirenents.

CAL| BRATI ON AND ANALYSI S

Allow at | east 30 nmnutes instrunent warmu

/ ) ; time. Follow the manufacturer's
i nstructions for assenbly/set-up, testing, li

p ti :

calibration, and operation
Calibrate the instrunment using the blank and the four calibration standards
that cover the analytical range (Section 6.4 1%. Prepare a calibration curve
plotting ng carbon vs. instrunent response. The calibration curve nust neet
the criterira for linearity specified in Exhibit E, to continue the analysis.

If the TOC anal yzer prevents the required 5 point calibration, then
calibrate according to the instrument manufacturer's recommendations, and
anal yze the renalnlng requi red standards inmediately after calibration
The results of all additional standards (except the | ow standard at the
CRQL) shall be within £ 20% of the true value. The standard mnust be
within £ CRQL value. Each standard's concentration and the cal culations to
ahow that the recovery criteria has been nmet shall be given in the raw

at a.

If the values do not fall within this range, the instrunment nust be
recal i brated and the additional standards reanal yzed. The additiona
standards nust neet the criteria specified in Section 8.3.1 before any
sanpl es, QC sanpl es and required bl anks are anal yzed.

After the instrunent has been calibrated, the analytical sequence that is
outlined bel ow and described in Exhibit E nust be followed. In addition, the
quality control criteria specified in Section 10.0 nust be adhered to. The
results of these anal yses nmust neet the acceptance criteria specified in

Exhi bit E and Section 10.0 to continue the anal ysis.

Anal yti cal Sequence Sunmary
Initial Calibration (blank and 4 standards)
I CV, ICB, LFB, carbonate-hbicarbonate check standard (see Section 9.2),
ccv, CCB

10 anal ytical sanples, maxi num (all sanples nust be anal yzed in
triplicate and neet the technical acceptance criteria in section 10.3)

CCB, CCV (repeated at a mninmumevery 10 anal ytical sanples, but not to
exceed 2 hours)

Last anal ytical sanple, carbonate-bicarbonate check standard, LFB, CCV,

Sanpl e Dilutions

Use the results of the original analysis to determ ne the approximte
dilution factor required to bring the response within the initial
calibration range.

The dilution factor chosen shoul d keep the response in the upper half of
the initial calibration range of the I nstrunent.

All soi

| /sediment dilutions are prepared by mixing an aliquot sanple with
quartz sil

i ca sand.
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8.5.3.1

8.5.3.2

8.5.3.3

8.5.3. 4
CALCULATI ONS

9.0

the nearest 0.01 g a representative aliquot of sanple to be
The sanpl e amount nust be greater than or equal to 0.5 8. To
a known armount of silica sand, weighed to the nearest 0.01 g,
g the total weight (sanple plus sand) to the aPprox!nate di lution
r required. Divide the total weight by the sanple weight to
m ne the actual dilution factor.

SQo
Q- O

Pl ace the diluted sanple in a shaker mill and agitate for 1 minute, |If
the sanple is not uniformin color after the inrtial agitation period,
thenbcontlgue the agitation in 1 mnute intervals until a uniformcol or
i s obtaine

If a shaker mill is unavailable, place the diluted sanple in a nortar
and using the pestle, grind the sanple to a uniformcol or and
consi st ency.

If this is an intermediate dilution, use it and repeat the above
procedure to achieve larger dilution.

Anal yzed the diluted sanple in accordance with Section 8.0.

Determine the concentration of Total Organic Carbon, ng/Kg, for each sanple,
C sanpl e, and required bl ank using Equation 2.

EQ 2

Wher e,

4

D

(M) (D)
(Mg) (D)
1000

Mass of organic carbon determ ned fromcalibration curve, ngy
Mass of sanpl e, ) ) )
Dilution factor ?If no dilution is perfornmed, Df = 1)
% Sol i ds
100

Total Organic Carbon (mg/ Kg) =

1000 in the denom nator converts g to Kg
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QUALI TY CONTROL
Bl anks

There are three types of blanks required by this nethod: the initial
calibration blank (1CB), continuing calibration blank (CCB), and
preparation bl ank.

The 1CB and CCB consist of a volune of distilled or deionized water that is
analyzed in the sane manner as the analytical standards. The results of
the 1CB and CCB anal yses indicate whether there is contam nation in the
system from a previous sanpl e.

The preparation bl ank consists of a few drops of 1:1 ﬁhosphoric acid
(simlar quantity as required for sanples analyses) that is placed in the
conbustion boat or sanple cup and carried through the identical analysis
procedures as the sanples in an SDG |f additional preparation techniques
are used, such as sanple dilutions with silica sand, a preparation blank
nust be subjected to the same techniques. The purpose of a nmethod blank is
to determine the | evels of contamination associated with the processing and
anal ysi s of sanples.

Frequency

Al'l blanks (ICB, CCB, preparation blank) nust be analyzed at the frequency
specified in Exhibit E

Pr ocedur e

Prepare and anal yze all blanks in accordance with Sections 7.0 and 8.0 and
Exhibits E

Cal cul ati ons

Determ ne the total organic carbon content for each blank using Equation 2.

Techni cal Acceptance Criteria

Al'l bl anks nust be prepared and anal yzed at the frequency described in
Section 10.1.1 and nust neet the acceptance criteria specified in Exhibit E
for blank anal yses.

Corrective Action

I f the technical acceptance criteria for blank anal yses are not net, then
the contractor mnmust stop and correct the probl em before continuing.

Any blank that fails to neet the technical acceptance criteria as specified
in Section 10.1.1 and Exhibit E for blank anal yses nust be reanal yzed at no
additional cost to the Agency. Furthernore, all sanples, including the
duplicate and matrix spi ke sanples, associated with the blank that does not
neet the technical acceptance criteria for blanks must al so be reanal yzed
at no additional cost to the Agency.

I f sanple anal yses are reported with non-conpliant blanks, then the

contractor shall receive a comensurate reduction in sanple price depending
upon the inpact of the non-conpliance on data usability.
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Car bonat e- Bi car bonat e Check Standard

The car bonat e- bi car bonate check standard anal ysis provides information
regarding the efficiency of the CO renoval through acidification and heat.

Frequency

The carbonat e- bi carbonate check standard nust be anal yzed prior to the

anal ysis of any sanples, QC sanples, or required blanks, and after the | ast
sanple in the anal ytical sequence (refer to analytical sequence summary,
Section 8.4.1). The analysis conditions for the carbonate-bicarbonate
check standard nust be the same as those for the analytical sanples.

Pr ocedur e

The_ car bonat e- bi carbonate check standard consists of a wei ghed portion of
silica sand (approxi mately 100 nE) that is placed in the conbustion boat or
sanpl e cup and spi ked with 200 pL of the carbonate-bi carbonate stock
solution., The sanple is then dried in _an oven and taken through the
preparation and anal ysis procedure in Sections 7.0 and 8.0. This check
standard is equivalent to approximately 2000 ng/ Kg car bonat e- bi car bonat e.
Resglts g; car bonat e- bi carbonat e check” standard anal yses shall be reported
on FORM 2A.

Cal cul ati ons

Determ ne the concentration of any inorganic carbon not renoved using
Equati on 2.

Techni cal Acceptance Criteria

Car bonat e- bi car bonat e check standards nust be prepared and anal yzed at the
frequency described in Section 10.2.1.

The concentration of inorganic carbon remaining in the sanple nmust be
| ess than the CRQL.

Corrective Action

If the carbonate-bicarbonate check standard anal ysis does not neet the

t echni cal acceptance criteria in Section 10.2.4, the analysis shall be
stopped, the problem deternm ned and t he carbonat e-bi carbonate check
standard nust be reanal yzed. The carbonate-bi carbonate check standard
anal ysi s nust neet the technical acceptance prior to the analysis of any
sanpl es, QC sanples or required blanks for purgeabl e organic carbon. i
Furthernore, all sanples, QC sanples or required bl anks anal yzed uB unti |
the |l ast conpliant carbonate-bicarbonate check standard nust al so be
reanal yzed at no additional cost to the Agency.

If sanple anal yses are reported with non-conpliant carbonate-bicarbonate
check standards, then the contractor shall receive a conmensurate reduction
in sanmple price depending upon the inpact of the non-conpliance on data
usability.

Triplicate Sanple Analysis (D)

The triplicate sanple analysis provides information regardi ng the precision
of the preparation and analysis procedures. Triplicate anal yses, along
with their average, shall be reported on FORM 1B.

Frequency

Faphlsa le in the Sanple Delivery Goup (SDG shall be analyzed in
riplicate.

Pr ocedur e

Fol | ow t he procedures as specified in Section 7.0 and 8.0 for the
preparation and analysis of the triplicate sanples.

Cal cul ati ons
Determ ne the total organic carbon content in each of the triplicate
sanpl e anal yses usi ng Equation 2.
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Cal cul ate the Percent Relative Standards Deviation (%:SD) between the

triplicate sanpl e anal yses u3|ng.Equation 3 below. Report %RSD results
on Form 1B as described in Exhibit E
EQ 3
ORSD - Standard Deviation 100
Mean

Wher e,
Standard Deviation =

X, = each individual value used to cal culate the nean
X = the nean of n val ues
n = the total nunber of val ues

Techni cal Acceptance Criteria

Triplicate sangles nmust be prepared and anal yzed at the frequency descri bed
in Section 10.3. 1.

If the averaEF sanpl e concentration is greater than or equal to 5x CRQ,
then the YRSD for the triplicate sanple analgses shal | be used as the
control limt. The 9RSD result nust be < 20%

If the average sanple concentration is less than 5x CRQL, then the

must be entered in the "Control Limt" colum on Form 1B. The standard
deviation calculated in Equation 3 for the triplicate sanple anal yses
result nust be < CRQL

Corrective Action

Sanpl es that do not nmeet the technical acceptance criteria for triplicate
anal ysis shall be reanalyzed in triplicate at no additional cost to the
Agency. Report both the original triplicate analysis and the triplicate
re-anal ysis on Form 1B as described in Exhibit B.  If a result does not
neet the acceptance criteria in Section 10.3.5, flag the result with an "*"

on FORM 1B
Triplicate sanpl es must be prepared and anal yzed for every sanple in an
SDG If triplicates are not prepared and anal yzed for every sanple in
an SDG the contractor shall reprepare and reanal yzed t hose sanpl es not
analyzed in triplicate at no additional cost to the Agency. Reanal yses
nmust " be performed within contract required holding tinmes and nust neet
all sanple acceptance criteria.
Sanpl e results reported without triplicate analyses shall be receive a
conmensurate reduction in sanple price or zero paynent dependi ng upon
the i nmpact of the non-conpliance on data usability.

Spi ke Sanpl e Analysis (9S)

Summary

In order to evaluate the effects of the sanple matrix and to determine the

precision of the nmethod used for TCC determ nation, a sanple nust be spi ked

wi th organi c carbon and anal yzed in accordance with the nethod.

Frequency of Spi ke Analysis

A spi ked sanpl e anal ysis nust be perfornmed for each group of sanples of
asimlar matrix for the foll ow ng, whichever is nost frequent:

. Each SDG (not to exceed 20 field sanples), or
. Each matrix within an SDG or

. EPA may require additional M anal yses, upon Regional request, for
whi ch the ntractor will be paid.
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10. 4.4

As a part of the Agency's QN QC program aqueous equi prment and/or field
bl anks nay.acconﬁany wat er sanples that are delivered to a | aboratory
for analysis. The Contractor shall not performthe spi ke analysis on
any of the designated field QC sanples.

The Contractor shall not performthe spike analysis on any designated
Per f or mance Eval uati on sanpl es.

If the EPA Regi on designates a sanple to be used as a spi ked sanpl e,
then that sanple nmust be used.

If the Contractor has a question regarding the freguency, etc., of the
spi ke analysis for a particular SDG contact the RSCC for clarification

Procedure for Preparing a spiked sanple

Prepare a spi ked sanpl e by adding a known vol unme of the Potassiunwhydrogen
ht hal ate stock sol ution {Sectlon 6.3.1? to an aliquot of the sanple chosen
or spiking. The final concentration of the spiked sanple should be at the

m d-range concentration of the calibration curve. Process the sanple

according to Section 7.0 and 8.0

Before perform ng a spi ke anal ysis, analyze the sanple used for spiKking.
If the sanple analysis required a dilution to br|nP the sanple results
within the calibration range, then the spiked sanple should be prepared
using the sane dilution for which the sanple results will be reported to
t he Agency.

Cal cul ations for Spiked Sanple Anal ysis

Cal cul ate the TOC concentration of the spiked sanple using Equation 2.
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Cal cul ate the recovery of the spiked compound using equation 4.

EQ 4

Matrix Spike Recovery = ng%ifgg x 100

Wher e,

SSR = Spi ked sanpl e result
SR = Average Sanple result
SA = Spi ke added

Techni cal Acceptance Criteria for Spike Sanple Anal ysis

Al'l Spi ked sanmpl es nust be analyzed on a TOC system neeting the initial
calibration, initial calibration verification, and continulng
calibration technical acceptance criteria defined in Exhibit E

The Spi ked sanpl es nust be anal yzed or reanal yzed within the contract
required holding tinme defined inh Section 4.0

Al'l spi ked sanpl es nust have an associ ated Preparation bl ank, and I CB
andEgﬁBbb{aEks that nmeet the blank technical acceptance criteria defined
in i bi .

The technical acceptance criteria for spiked sanple recoveries are given
in Exhibit E. These linits are advisory and no further action bY.t.e

| aboratory is required. However, frequent failures to neet the [imts
for recovery warrant investigation by the |aboratory, and may result in
guestions fromthe Agency.

Corrective Action for Spiked Sanple Analysis

Any spi ked sanple that does not neet the technical acceptance criteria for
spi ked sanpl e anal ysis nmust be reanal yzed at no additional cost to the
Agency. Both sets of data nust be reported on separate Fornms 5A and nust
di stingui sh between the initial analysis and the reanal ysis using the
suffixes in Exhibit B

Corrective actions for failure to neet i
calibration and initial calibration veri
before the analysis of any QC sanpl es.

nitial and continuing
fication nust be conpleted

Corrective actions for failure to neet all blank technical acceptance
criteria nust be net before the analysis of any QC sanpl es.

The contractor mnmust nake every effort to reanalyze the sanple within the
contract required holding tines.

Laboratory Fortified Bl ank (LFB)

The Laboratory Fortified Blank (LFB) analysis verifies the accuracy at the
Contract Required Quantitation Limt.
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10.5.1

10.5. 2

10.5.3

10.5. 4

10.5.5

Frequency

One LFB nust be ﬁreEared and analyzed with each batch of sanples Prepared
and anal yzed. The LFB nust be analyzed after the initial calibration

bl ank, Pr|pr to the analysis of any sanples, and after the [ast sanple in
t he anal ytical sequence {refer to the analytical sequence sumary, Section
8.4.1). The preparation and analysis conditions for the LFB nust be the
same as those for the anal ytical sanples.

Procedure

Prepare an LFB contai ni ng potassiun1hydrogen pht hal ate at a concentration
equal to the CRQL. Process the LFB according to the procedures specified
in Section 7.0.

Cal cul ati ons

Cal cul ate the percent recovery of the LFB using Equation 5:

EQ 5

Percent Recovery (YR = ¥I x 100
Wher e,
M Measured anal yte concentration

T

Techni cal Acceptance Criteria

True anal yte concentrati on.

The LFB nust be prepared and anal yzed at the frequency described in Section
10.5.1. The LFB nust neet the acceptance criteria specified in Exhibit E
for LFB anal yses.

Corrective Action

If the LFB does not neet the technical acceptance criteria in Section
10.5.4, then the analysis shall be term nated, the problemcorrected and
the sanples associated with that LFB redi gested and reanal yzed. The LFB
anal ysi s nmust neet the technical acceptance prior to the anhalysis of any
sanples, QC sanples or required blanks. Furthernore, all sanples,
sanpl es or required blanks analyzed up until the |ast conpliant LFB nust
al so be reanalyzed at no additional cost to the Agency.

If sanple analyses are reported with non-conpliant LFB anal yses, then the

s
contractor shaYI receive a conmensurate reduction in sanple price depending
upon the inpact of the non-conpliance on data usability.
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EXH BIT D
PART H - TOTAL COMBUSTIBLE ORGANICS (TCO) IN SOILS

ANALYTI CAL METHODS
Scope and Application

The anal ytical method that follows is designed to neasure the amount of
organic matter in peats and other organic soils, such as organic clays, silts
and mucks. The nethod includes procedures for noisture renpval and sanple
ashing for a final determination of total conbustible organics as a percentage
of oven dried mass. This nethod is based on ASTM D 2974-87, Standard _Test_
Methods for Moisture, Ash, and Organic Matter of Peat and Other Organic Soils,
and has been nodified for EPA New Engl and

Summary of Met hod

A measured anount of peat or organic soil sanple is allowed to air-dry

overni ght and the percent noisture renoved is calculated. A portion of the
air-dried sanple is then honogeni zed, dried in an oven at 105°C, and the tota
noi sture content (air-dried plus oven-dried) is determ ned and expressed as a
percentage of the as-received mass. The oven dried sanple is then ignited in
a nuffle furnace at 750°C and the total conbustible organics is determ ned and
expressed in ng/Kg of oven-dried nass.

Appar at us

Bal ance - th-Ioading bal ance capabl e of weighing 300 g + 0.01 g. The bal ance
nust be calibrated in accordance with ASTM E 617 specifications each 8-hour
work shift. The balance nust al so be checked annually by a certified
technician. Al balance calibration checks and nai nt enance nust be recorded
in a bound | ogbook and a copy of this information nmust be submitted with the
sanpl e data package

Oven - capable of being regulated to a constant tenperature of 105 * 5°C

The 105°C oven tenperature nust be checked daily, prior to use, using a
second source thernmoneter. The second source thernoneter tenperature nust
agree within = 2°C of the oven thernoneter or digital readout. |If this

[Tmt is not nmet, then the problemthernoneter nust be determnined and
replaced, or if the oven uses a digital readout, the digital readout nust
be recalibrated or a conpliant thernoneter nmust be used in its place. A
t hernmoneters nust be check at | east annually against a prinmary reference
thermoneter. Al thernoneter checks nust be recorded in a bound | ogbhook
andka copy of this information nust be submitted with the sanple data
package.

Muffl e Furnace - capable of producing a constant tenperature of 750°C *
15°C. The 750°C furnace tenperature nust be checked daily, prior to

anal ysis, using a second source thernmoneter or thernocouple. The
tenperatures nust agree within £ 15°C for the analysis to continue. |If
this criteria is not net, the thernoneter or thernocouple which is out of
calibration nmust be determ ned and replaced. Al thernoneter or

t her nocoupl e calibration checks nmust be recorded in a bound | ogbook and a
CKE% of this information nmust be subnitted with the sanple data package.

( E: Follow ng the tenperature check, reduce the furnace tenperature to
[ ess than 200°C in preparation for analysis.)

Evaporating Di shes or crucibles - made of high silica or porcelain of not
| ess than 100 nL capacity.

Al unmi num Foil - heavy duty
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Total Conbustible Organics

Por cel ai n Pan, Spoons, and equi prent of the |ike.
Desi ccat or

Procedure

Mbi st ure Cont ent

Air-Dried Misture

Pl ace a representative field sanple on a square rubber sheet, oil cloth,
or equivalent material. Mx the sanple thoroughly, renove any sticks
and l'arge stones that are not consistent with the sanpl e nmake-up, and,

i f necessary, reduce the anount of sanple by quartering. Wrk rapidly
to prevent noisture loss. If the sanple contains excessive water the
foll owi ng steps nust be taken

If the sanple contains standing or free flowing water and i s not
amenabl e to the sanple preparation discussed in 4.1.1.1, decant any
wat er | ayer present fromthe sanple container, renove any sticks and
| arge stones that are not consistent with the sanple nake-uP, and
Proceed to 4.1.1.2., The contractor shall docunment the problem and
he EPA sanpl e nunbers of the affected sanples, in the SDG narrative

Record to the nearest 0.01 g the mass of the large flat pans.

Transfer 200 to 300 g of representative sanple to a_ pre-wei ghed pan
Spr?aF the sanple out evenly and crush soft lunps with a spoon or
spat ul a.

Note: Two 50 g aliquots of air-dried sanple shall be required for the
oven-dried noisture determination in Section 4.1.2. Thus, the )
contractor nust adjust the quantity of sanple aliquoted for air-drying
based on the estimated noisture | evel present in the original sanple.

Rewei gh the pan and record the nass of the sanple, as-received, to the
nearest 0.01 g.

Let the sanples cone to noisture equilibriumw th roomair by allow ng
the sanples to air-dry for a mninumof 24 hours. Stir the sanple at

| east two tines, once per 12 hour period, to maintain maxi mum air
exposure of the entire sanple. Wen the mass of the sanple reaches a
constant value, less than 0.02 g change over a 1 hour period, proceed to
4,1.1.6. Record all sanple weights to the nearest 0.01 g in determ ning
the air-dried constant nass.

Wi gh the pan to the nearest 0.01 g and record the final constant nmass
of the air-dried sanple.

Oven-Dried Misture

The foll owi ng cl eani ng pr ica
or porcel ai n"evapor at i

or gani cs:

cedure nust be performed for all higP_s

pr o il
ng di shes used to determ ne total conbustible

Clean all evaporating dishes with soap and hot water followed by a
dei oni zed/ di stilled water rinse.

D-120



1

. 8

2

Exhi bit D -- Section IV
Part H - Total Conbustible O ganics

Pl ace the dishes in a nmuffle furnace at 750°C for a mnimumof 1
hour. Renove the dishes fromthe furnace and place themin a
desiccator to cool (a mnimmof 30 ninutes).

Record to the nearest 0.01 g the mass of the clean evaporating di shes.

Gind the air-dried sanple from Section 4.1.1 for 1-2 minutes in a high
speed bl ender. Next, thoroughly mix the air-dried, ground sanple and
transfer two 50 g aliquots to seﬁarate pre-wei ghed evaporating di shes.
(Note: Cover the remainder of the air-dried sanPIe.mnth alumnumfoil,
until sanmple analysis is conplete, in case reanalysis is required.)

Wi gh the dishes to the nearest 0.01 g and record the nmass of each air-
dried sanple.

Prior to placing the sanples in the drying oven, check and record the
oven tenperature. (Note, the oven tenperature calibration nust be
checked In accordance with Section 3.2 prior to analysis.) The )
tenperature nust be stable at 105°C + 2°C. If the oven tenperature is
not within this Iimt, then adjust the tenperature. The oven )
tenperature nmust be wthin the limt and remain stable for 1 hour prior
to sanpl e anal ysi s.

Pl ace the sanples in the drying oven for a mininumof 16 hours. Monitor
and record the tenperature of the drying oven after 1-2 hours and prior

to renoving the sanples fromthe oven. Al tenperature readings, along

with the tine were taken, nust be recorded in a bound | ogbook and a copy
of this information nust be subnmitted with the sanpl e data package.

Renmove the dishes fromthe oven, cool in a desiccator, and determne if
t he sanpl es have reached constant wei ght using the foll owi ng steps:

The anount of time the dishes are allowed to cool in the desiccator
bef ore wei ghi ng nust be consistent for each step in the constant

wei ght determination. A desiccation time between thirty (30?.and
sixty (60) mnutes (but no nore) is adequate for uniform cooling.
Record both the tinme the sanples were placed in the desiccator and
the tine wei ghing comrenced to determ ne the total desiccation tinme.

Wei gh the dishes to the nearest 0.01 g and record the nmass of each
oven-dried sanple.

Pl ace the sanples back in the oven at 105°C * 2°C for a mi ni mum of
one hour, and repeat the desiccation and wei ghing process descri bed
above. The desiccation tine prior to weighing nust be consistent
with that determined in Section 4,1.2.7.1 for_ all sanples, QC sanples
and blanks. |If the desiccation tinme is not within £ 10 mnutes o
the total desiccation time recorded in Section 4.1.2.7.1, then the
sanpl es nust be returned to the oven for 1 hour and the desiccation
and wei ghi ng process repeat ed.

Record the nass of the oven-dried sanple follow ng the second drying
period. Constant weight is obtained when there is no change in
sanpl e weight (£ 0.01 g) between two successive drylng per 1 ods.
Repeat this drying process until constant weight is obtained.

Record to the nearest 0.01 g the final mass of the oven-dried sanples at
const ant wei ght.

Total Conbustible Organics (Oganic Matter Content)

Pl ace the oven-dried sanples, from Section 4.1.2, in a nuffle furnace that
is at |less than 200°C Note, the nuffle furnace tenperature calibration
nust be checked in accordance with Section 3.3 prior to analysis.)

G adual Iy increase the tenperature in the furnace to 750°C + 30°C. Care
must be taken during this step, particularly with oily sanples, to avoid

| oss of sample fromthe dish due to splattering and/or possible spontaneous
conbustion. Once the furnace is up to tenperature, nmonitor and record the
tinme and tenperature every 15 minutes for the first hour and each

addi tional hour thereafter. Sanples nust remain at 750°C + 30°C for a

m ni mum of 2 hours.

a
t
e
r
t
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Renmove the dishes fromthe oven, cool in a desiccator, and determ ne the
constant weight of the_ashed sanples as described in Section 4.1.2.7 using
the nuffle furnace at 750°C + 30°C

Record to the nearest 0.01 g the final nass of the ashed sanples at
const ant wei ght.

Data Anal ysis and Cal cul ati ons

Cal cul ate the percent noisture renoved by air drying using Equation 1

EQ 1

Air-Dried Moisture Content (% = ifii—gl x 100

Wher e,

A

A Mass of sanple as-received, ¢

Mass of air-dried sanple, g

Cal cul ate the total percent noisture (air-dried plus oven-dried) for each
sanpl e using Equations 2 and 3 bel ow.

Based on the weight of air-dried sanple transferred into the evaporating
di sh and the percent noisture renoved through air-drying, calculate the
equi val ent nass of sanple transferred to the evaporating dish on an as-
recei ved basi s using Equation 2.

EQ 2
Equivalent Sample Mass ( Q) :-%
\Wer e,
C = Wight of air-dried sanple transferred to dish, g

D (100 - % Air-dried npisture)
100
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Cal cul ate the total percent nmoisture using Equation 3.

EQ 3
, _(E-F
Total Moisture Content (% = — x 100
\Wer e,
E = Equival ent sanple mass, g (calculated in Equation 2)

c
F Mass of oven-dried sanmple, ¢

Cal cul ate the Total Conbustible O ganics (TCO renoved by ashing using
Equation 4. TCOis calculated in ng/Kg as oven-dried nass.

EQ 4
(F - G) (1000)

F
( 1000)

Total Combustible Organics (mg/ Kg) =

Wher e,

F Mass of oven-dried sample, ¢
G = Mass of ashed sanpl e,
1000 in the numerator converts g to ng

1000 in the denom nator converts g to Kg
Quality Control
Preparati on Bl anks (PB)

Sanﬁle anal ysis and reporting nust not proceed until all preparation bl ank
techni cal acceptance criteria are net. Preparation blanks are required for
the air-dried percent noisture, oven-dried percent noisture and tota
conbusti bl e organi cs deterninations.

A preparation blank consists of an enpty drying pan for the air-dried
percent noisture determ nation and an enpty high silica or porcelain
evaporating dish for the oven-dried percent noisture and total conbustible
organi cs determinations. The preparations bl anks nust be carried through
the entire analytical procedure along with the sanples they are associ ated
with. The preparation blank nust be the sane.the.of pan and evaporati ng
dish that is used for sanple analyses. The high silica or porcelain
evaporatin g|ihes nmust be cl eaned by the sanme procedure described in

Section 4.
Frequency

At | east one preparation blank nust acconpany every SDG or batch of
sanpl es, whichever is nore frequent, through every step of the analysis,
i ncluding air-drying, oven drying, ashing, and desiccati on and wei ghi ng.

Note, if the size of the oven or nuffle furnace limts the nunber of

anal ytical sanples in a batch, then a Preparatlon bl ank rmust acconpany
each batch. (Example: If the nuffle furnace can only hold a
preparation blank and five sanples, and the drying oven can hold over 15
sanpl es, then the nuffle furnace becones the determning factor in a
batch's size, Thus, for an SDG containing 12 sanpl es, preparation

bl anks nust be_ included during the oven drying so that each batch of
sanpl es going into the nmuffle furnace has a separate preparation bl ank
Note, the air-drying procedure uses a separate preparation blank and the
limting factors described in the exanple do not apply.)

Procedure
Prepare a sufficient nunber of preparation blanks along with the nunber of

di shes required for sanple analysis. Follow the procedure in Section 4.0,
nmaki ng sure that a preparation blank acconpani es each batch of sanples
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t hroughout each step of the entire process. Deternmine and record al
preparati on bl ank wei ghts along with the sanple batch

Cal cul ati ons

Cal cul ate the absol ute value difference between the initial and fina

wei ghts of the greparatlon bl anks used in the percent air-dried noisture
determ nation (Section 4.1.1

Cal cul ate the absol ute value difference between the initial and fina

wei ghts of the greparatlon bl anks used in the oven-dried noisture
determ nation (Section 4.1.2

and final

Cal cul ate the absol ute value difference between the in I )
or gani cs

i
wei ghts of the greparation bl anks used in the combustib
determ nati on (Section 4.2).

tia
le

Techni cal Acceptance Criteria

Al'l preparation blanks nmust be prepared and anal yzed at the frequency
described in Section 6.1. 1.

The absol ute val ue difference for each preparation blank rmust be <0.01
g.

Corrective Action

If the technical acceptance criteria for preparation blank anal yses are not
met, then the contractor nust stop and correct the problem before
cont i nui ng.

Any Breparation bl ank that fails to neet the technical acceptance criteria

for blank anal yses nmust be reanal yzed at no additional cost to the Agency.
Furthernore, all sanples, including duplicate sanples, associated with a
Breparatlon bl ank that does not neet the technical acceptance criteria for
| anks nmust be reanal yzed at no additional cost to the Agency.

If sanple analyses are reported with non-conpliant blanks, then the
contractor shall receive a commensurate reduction in sanple price or zero
paynent dependi ng upon the inpact of the non-conpliance on data useability.
Dupl i cate Sanple Analysis (D)

The duplicate sanple analysis provides information regarding the precision

of the preparation and anal ysis procedures. All duplicate results shall be
reported on FORM | - PART 3 as described in Exhibit B
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Frequency

As described in the procedure in Section 4.0, every sanple in the Sanple
Delivery Gou (SDE? shal | be analyzed in duplicate for percent noisture
and total compustible organics (Sections 4.1.2 and 4. 2, respectlvely?:

That is to say, fromthe single air-dried sanple (Section 4.1.1) duplicate

aliquots are renoved and carried through the renminder of the procedure for
percent noisture and TCO determninations. |n addition, one sanple per SDG
(not to exceed 20 field sanples) nmust be carried through the entire
procedur e, |nclud|n% the air-drying step, in duplicate. (Thus, that one
sanple in the SDG shall contain duplicate air-dried portions, and each of
these air-dried portions shall in turn be analyzed in duplicate for percent
nmoi sture and TCQO )

Procedure

Prepare each sanple follow ng the procedures specified in Section 4.0.
Results for duplicate sanpl e analyses shall be reported on FORM IC as

described in Exhibit B. otal noisture content shall be reported as a
per cent age of mass as-received and total conbustible organics shall be
reported in ng/Kg of oven-dried mass.

Cal cul ati ons

Determ ne the air-dried noisture content in the original and duplicate
sanpl es using Equation 1.

Determ ne the total noisture content and total comnbustible organics in
each original and duplicate sanple using Equations 2 and 3.

Deterni ne the average of each original and duplicate.

Cal cul ate the Relative Percent Difference (RPD) between each origina
and duplicate sanpl e using Equation 5.

EQ 5

S-DJ

RPD = —l 100
(soy/2 ~

Wer e,
RPD = Rel ative Percent Difference
S = Sanple result (original), %or n?/Kg
D = Duplicate sanple result, % or ng/Kg

Techni cal Acceptance Criteria

Duplicate sangles nmust be prepared and anal yzed at the frequency descri bed
in Section 6.2.2.

;he Rel ati ve Percent Difference between all duplicate results nmust be <20
0

Corrective Action

Sanpl es that do not neet the technical acceptance criteria for duplicate
anal ysis shall be reanal yzed, once, at no additional cost to the Agency.
An original and duplicate of that sanple nust be reanalyzed. Report a
original and duplicate results for both the original analysis and the re-
analysis on F I - PART 3 as described in Exhibit B. It an RPD result

does not neet the acceptance criteria, flag the result with an "*" on FORM
I PART 3.

Duplicate sanpl es nust be prepared and anal yzed at the frequency
described in Section 6.2.1, and nust include the required blanks. |If
duplicates are not prepared and anal yzed at this frequency, the )
contractor shall re-prepare and reanal yzed t hose sanpl es not Rrepared in
duplicate, including the original, at no additional cost to the Agency.
Reanal yses must be perfornmed w thin contract required holding tines and
nmust neet all sanple acceptance criteria.
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6.2.5.2 Sanpl e results reported w thout duplicate anal yses shall receive a
conmensur ate reduction in sanple price dependi hg upon the inpact of the
non- conpl i ance on data usability.

D- 126



1

2.

0

. 2.

. 2.

. 2.

1

2

2.

2.

Exhibit D -- Section |V
Part | - Gain Size Distribution

PART I - GRAIN SIZE DISTRIBUTION (GSD) IN SOILS

Scope and Application

This anal ytical nmethod covers the quantitative determ nation of the

di stribution of particle sizes in soils. The distribution of particle
sizes larger than 75um (retained of the No. 200 S|eve? is deternined by
sieving, while the distribution of particle sizes smaller than 75 pmis
det er m ned bnla sedi nent ati on process, using a hydroneter. This nethod is
based on ASTM D 422- 63 (Reapproved 1990), Standard Test Methods for
Particle-Size Analysis of Soils, and has been nodified for EPA New Engl and

Sunmary of Met hod

A soil/sedinment sanple is air dried and then separated into two fractions
using a No. 10 (2,00 mm sieve. The fraction that remains on the No. 10
sieve is washed with tap water, dried in an oven at 110°C, and mechanically
sieved with an array of sieve sizes that segarate the sanple into the
various gravel and course sand fractions. he fraction of sanple that
ﬁasses the No. 10 sieve is suakected to a two part process. First, a
ydroneter test is perforned ich defines the fraction of sanple that is
silt and clay (less than the No. 200 (75 unm) sieve). Second, the sanple
fromthe hydroneter test is transferred to a No. 200 _sieve, and washed with
tap water to renove all particles less than 75 um The sanpl e renai ning on
the No. 200 sieve is then dried in an oven at 110°C, and nechanical ly
sieved with an arraY of sieve sizes that define the nediumand fine sands
present in the sanple

Appar at us

Bal ances - top-|oadi ng bal ance capabl e of meighin 300 g £ 0.01 g for

wei ghi ng the materi al ﬁaSS|ng the No. 10 (2.0 nn? si eve and a bal ance
sensitive to 0.1% of the nass of the sanple material retained on a No.
sieve (refer to Section 5.1.1 for approxi mate sanpl e MEIEhtS required).
The bal ances nust be calibrated in accordance with ASTM E 617

speci fications each 8-hour work shift. The bal ances nust al so be checked
annually by a certified technician. Al balance calibration checks and
mai nt enance nust be recorded in a bound | ogbook and a copy of this

i nformati on nust be submitted with the sanpl e data package.

Stirring Apparatus - Two types of dispersion devices are provided: a high

speed nechanical stirrer (Section 3.2.1), and an air dispersion device
(Section 3.2.2). Extensive investigations indicate that_ air-dispersion

devi ces produce a nore positive dispersion of plastic soils belowthe 20 um
size and appreci abl e | ess degradation on all sizes when used with sandy
soils. Because of the definite advantages favoring air dispersion, its use
is reconmended. The results fromthe two types of devices differ in
magni t ude, dependi ng upon soil type, |eading to narked differences
particle size distribution, especially for sizes finer than 20 pm
type of apparatus used nust be noted in the SDG narrative.

n
The

The first apparatus shall consist of a mechanically operated stirrinﬁ
device in ich a suitably nounted electric notor turns a vertical shaft at
a speed of not less than 10,000 rpmw thout |oad. The shaft shall be

equi pped with a replaceable stirring paddl e made of netal, plastic, or hard
rubber, as shown in Figure 1. The shaft shall be of such length that the
stirrin Baddle will operate not less than 3/4 in. (19.0 nm nor nore than
1% in. ?3 .1 mm) above the bottom of the dispersion cup. A special

di spersion cup_conformng to either of the ) o
desi gns shown in Figure shal |l be provided to hold the sanple while it is
bei ng di spersed.

The second apParatus shal | consist of an air-jet dispersion cup conform ng
to the general details shown in Figure 3.

The anount of air required by an air-jet dispersion cup is of the order
of 2 ft¥ mn; some small air ‘conpressors are not capable of supplying
sufficient air to operate the cup

Anot her air-type di spersion device known as a di spersion tube, devel oped
by Chu and Davidson at lowa State Col | ege, has been shown to give
results equivalent to those secured by the air-jet dispersion cups.
When it is used, soaking of the sanple can be done in the sedinmentation
cylinder, thus elimnating the need for transferring the slurry. \Wen
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the air-dispersion tube is used, it nust be so indicated in the SDG
Narrative

Water may condense in air |ines when not in
renoved, either bY.uS|ng a water trap on th
wat er out of the Tine before using any of t
pur poses.

use. This water nust be
lines, or by blow ng the
r for dispersion

e
he ai

droneter - ASTM hydroneters, graduated to read in either specific gravity
of the suspension or grams per [iter of suspension, and conforming to the
requi renents for hydronmeters 151H or 152H in ASTM Specifi cations 100.
Di mensi ons of both hydroneters are the same, the scale being the only item
of difference. Hydroneter calibration nust be checked daily, prior to use
agai nst distilled or deionized water at 20°C (68°F). For hydroneter 151H
the reading nust be 1.000 + 0.001 sp. gr. units, or for hydroneter 152H the
reading nust be 0 =+ 1 g/L. droneter readi ngs nmust agree within the
ranges specified, or the problem hydronmeter nust be replaced. Al
hydronet er checks nust be recorded in a bound | ogbook

Sedi mentation Cylinder - A glass cylinder essentially 18 in. (457 nm in
hei ght and 2% in. (63.5 in dianmeter and marked for a volunme of 1000 ni.
The i nsi de di aneter shall be such that the 1000 nmL mark is 36 £ 2 cm from
the bottom of the inside.
Thernoneter - A thernoneter accurat
checked daily for accuracy against
use. Tenperatures nust agree withi
must be determ ned and replaced. A
in a bound | ogbhook

0 0.5°C. The thernoneter nust be
rimary reference thernoneter prior to
0.5°C, or the probl emthernoneter

her nomet er checks nust be recorded

e
a
n

—

Sieves - A series of sieves, square-nmesh woven-wire cloth, that conformto
the requirements of ASTM Specifications E 11. The follow ng sieves (at a
m ni mum rnust be included Iin the anal ysis:

3in. (75 nm 8) No. 10 (2.00 nm
2 in. (50 nm) 9) No. 20 (850 um
1%in.  (37.5 m 10) No. 40 (425 um
1in. 25.0 mm) 11) No. 70 (212 um
3/4in. (19.0 m) 12) No. 140 (106 pm
3/8in. (9.5 nm 13) No. 200 (75 pm

No. 4  (4.75 )

D-128



Pk 0w

=)

Exhibit D -- Section |V
Part | - Gain Size Distribution

The EPA may request up to five (5) additional sieves be included in the
anal ysi s.

Water Bath or Constant Tenperature Room - A water bath or constant-
tenmperature roomfor maintaining the soil suspension at a constant )
tenperature during the hydroneter analysis. A satisfactory water tank is
an Insulated tank that naintains the tenperature of the suspension at a
conveni ent constant tenperature at or near 20°C &68°F). Such a device is
illustrated in Figure 4. In cases where the work is perforned in a room at
an autonatically controlled constant tenperature, the water bath is not
necessary.

Beaker - A beaker at 250 nL capacity.
Timng Device - A watch or clock with a standard second hand.

Mortar and Rubber-Covered Pestle - suitable for breaking up the
aggregations of soil particles.

Ro- Tap sieve shaker, or equival ent

Pycnoneter - 25 nL capacity

Reagent s

Distilled or deionized water - The distilled or deionized water for a
hydronmeter test shall be brought to the tenperature that is expected to
prevail during the hydroneter test. For exanple, if the sedinentation
cylinder is to be placed in the water bath, the distilled or deionized
water to be used shall be brought to the tenperature of the controlled
water bath; or, if the sedinmentation cylinder is used in a roomwth
control l ed tenperature, the reagent water for the test shall be at the
tenperature of the room The basic tenperature for the hydroneter test is
20°C (68°F). Small variations of tenperature do not introduce differences
that are of practical significance and do not prevent the use of
corrections derived as prescri bed.

Di spersi ng Agent

Sodi um hexanet aphosphate sol uti on (sonetines called sodi um net aphosphate):
Wei gh 40 g of Na(”%%)elnto a 1000 nL flask, dissolve, and dilute to 1
liter with distilled or deionized water

Solutions of this salt, if acidic, slowy revert or hydrolyze back to the
ort hophosphate formw th a resultant decrease in dispersive action
Sol ut1ons nust be prepared just prior to use (not nore than one nonth) or
the pH nmust be adjusted to between 8 and 9 with sodi um carbonate. The pH
adj usted sol utions nust be prepared at |east every six nonths, and the pH
nmust be checked i mmedi ately prior to use with w de range pH PaBer. If the
?H of the solution has dropped below 8, a fresh solution nus e prepared.
he date of preparation and, if applicable, the pH of the solution nust be
recorded on the solution container and in a bound | oghook. A copy of this
i nformation nust be submitted with the raw data.

Procedure
Test Sanple Preparation

Decant any standing water and renove any sticks, |eaves, or foreign objects
that may be present in the sanple. Next, expose the entire soil sanple to
the air at room tenperature. pread the sanple out evenly in a pan and
crush soft lunps with a spoon or spatula. Let the sanples cone to noisture
equilibriumw th roomair bY allowm ng the sanples to alr-dry for a mnimum
of 24 hours. Stir the sanple twi ce per 12 hour period to naintain maxi mum
air exposure of the entire sanple.

Once the sanple is thoroughly air-dried, break up any aggregations present
inanmortar with the rubber-covered pestle. Honpbgenize the sanple and
select a representative aliquot for analysis by quartering. The nmass of
air-dried soil selected for purpose of testing shall be sufficient to yield
guantities for nechani cal analysis as foll ows:

In the Preparation procedure that follows, the sanple is divided into
two portions that are anal yzed separately. One portion contains only
particles retained on a No. 10 (2.00) sieve while the other portion
contains only particles passing the . 10 sieve. The size of the
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sanpl e chosen for analysis shall depend on the maxi mum particle size
retained on the No. 10 sieve, according to the foll ow ng:

Noni nal Di aneter of

Largest Particles Approxi mate M ni mum

in. (mm Mass of Portion, g
3/8 (9.5) 500
3/4 (19.0) 1000
1 (25. 4) 2000
1% (38.1) 3000
2 (50. 8) 4000
3 (76.2) 5000

5.1.2.2 For the portion of the sanple passing the No. 10 sieve, the m ninmm

sanple size required for analysis shall be approxinmately 115 g for sandy
soils and approximately 65 g for silt and clay soils.

5.1.3 Based on the sanple size requirenents in Section 5.1.2, select an
aRpropr|ate portion of air-dried sanple for purpose of testing and record
the mass as the nmass of the total test sanple uncorrected for hygroscopic
noi st ure.

5.1.4 Separate the test sanple into two portions by sievin? with a No. 10 (2.00
nnf sieve. @Gind that fraction retained on the No. 10 sieve in a nortar
with the rubber-covered pestle until the aggregations of soil particles are
broken up into the separate grains. Place the ground soil back in the No.
10 sieve and again separate into the two fractions. Repeat this process,
if necessary, to break up all remaining sanpl e aggregations.

5.1.5 After the final sieving, wash the

f \ f sanple fraction retained on the No. 10
sieve free of all fine material with taP water and transfer to a clean
pre-wei ghed, sanple dish. Dry the sanple to constant nmass in a drying oven
at 110 * 5°C (230 = 9°F), cool in a desiccator, and weigh. Record the nass
of sanple retained on the No. 10 sieve as the nass of coarse materi al
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To determ ne constant mass, after the initial weighing, place the sanple
back in the oven at 110°C + 5°C for a mni rum of one hour and repeat the

desi ccati on and wei ghi ng process. Constant weight is obtained when
there is no change I'n sanple weight (less than £ 0.1% change in wei ght)

bet ween two successive drying periods. Repeat this drying process until

constant wei ght is obtained.

From these two nasses, the percentages retai ned and passing the No. 10
si eve can be calculated in accordance with Section 6.1. 1.

At this point the contractor nust performa check on the mass val ues
obtai ned (and the thoroughness wi th which sanple cl ods were pul veri zed)
by wei ghing the ﬁortlon passing the No. 10 sieve and adding this val ue
to the mass of the washed and oven-dried portion retained on the No, 10
i|eve. Cal cul ate the percent of sanple |ost by washi ng using Equation

EQ 1

X 100

Mass removed by washing (% = fi:_gi + 0

Wher e,
A

B
C

Mass of original air-dried sanple )
Mass of oven-dried sanple retain on the No. 10 sieve
Mass of air-dried sanple passing the No. 10 sieve

If the amount of sanple |ost due to washing is greater than 2% the
sanpl e nmust be reprepared. |If there is insufficient sanple to re-
performthe pregaratlon, the Contractor shall contact the RSCC for
I nstructions. he Region shall either require that the sanple not be
anal yzed, or shall require that a reduced anount sanple be used for the

preparation, or shall require the Contractor to continue with the sanple

anal ysis. The Contractor shall docunment the problem the EPA sanple
nunbers for the affected sanples (including the percent of sanple | ost
fromwashing), and the Region's instructions in the SDG Narrative.

Si eve Anal ysis of Portion Retained on No. 10 (2.00 nm Sieve

Separate the oven-dried portion retained on the No. 10 (2.00 ngz sieve into

a series of fractions using the 3 in. (75 nm), 2 in. (5 rm?\lb 20 Nn. g37.5
m), 1in. (25.0 , 34 1n. (19.0 m, 3/81in. (9.5 , .4 (4.7 ,
and No. 10 (2.00 si eves. ddi tional sieves may be requested by the EPA

?ep?nding on the sanple or upon the specifications for the material under
est.

Conduct the sieving operation using a nechanical sieve shaker that

sinmul ates a lateral and vertical notion of the sieve, acconpanied by a
jarring action in order to keep the sanple noving continuously over the
surface of the sieve. 1In no case turn or manipulate fragnents in the
sanpl e through the sieve by hand. Continue sieving until not nore than 1
mass % of the residue on a sieve passes that sieve during 1 mnute of

si evi ng.

Determ ne the mass of each fraction on a bal ance conforming to the

requirenents of Section 3.1. At the end of weighing, the sum of the nmasses
retained on all the sieves used nust equal closely the original mass of the

guantity sieved.
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Cal cul ate the percent recovery of sanple after sieveing by dividin? t he
sumtotal of the individual sieve fractions by the original nmass o
oven-dried sanple retained on the No. 10 sieve and nultiplying by 100.
The percent recovery nust be between 99-100% inclusive, to continue the
analysis. If the percent recovery is outside this control [imt, then
the anal ysis nust be stopBed, the problemcorrected, and a fresh aliquot
of air-dried sanple must be reanal yzed, at no additional cost to the
Agency, beginning with Section 5.1.4.

If sanple analyses are reported with a non-conpliant seiving recovery,
then the contractor may receive a comensurate reduction in sanple price
dependi ng upon the inpact of the non-conpliance on data usability.

Hydroneter and Sieve Analysis of Portion Passing the No. 10 (2.00 mm) Sieve
Det erm nati on of Conposite Correction for Hydrometer Reading

Equati ons for percentages of soil remaining in suspension, as given in
6.3.3, are based on the use of distilled or deionized water at 20°C
(68°F). To conpensate for the experinental variations described bel ow,
a conposite correction nust be applied to each hydroneter reading.

A di spersing agent is used in the water which results in a specific
ravity of the liquid that is appreciably greater than that of
istilled or deionized water.

Both soil hydroneters are calibrated at 20°C (68°F), and variations_
in tenperature fromthis standard tenperature produce inaccuracies in
the actual hydroneter readings. The anount of the inaccuracy
increases as the variation fromthe standard tenperature increases.

Hydronmeters are graduated by the manufacturer to be read at the
bottom of the nmeniscus fornmed by the liquid on the stem Since it is
not possible to secure readings of soil suspensions at the bottom of
thelne3|scus, readi ngs nmust be taken at the top and a correction

appl i ed.

The net anmount of the corrections for the three items enunerated is
desi gnated as the conposite correction, and nmust be deterni ned
experinmental ly.

Measurenent of the conposite corrections shall be nmade at two

t enperat ures spanning the range of expected test tenperatures, and
corrections for the Internediate tenﬁeratures cal cul ated assuning a
straight-line relationship between the two observed val ues. For
conveni ence, a gyaPh or table of conposite corrections for a series of
1° tenperature differences for the range of expected test tenperatures
may be prepared and used as needed.

Pl ace 125 mL of dispersinﬂ agent (4.2) in a sedinentation cylinder
and dilute to 1000 nL with distilled or deionized water. Place the
sedi mentation cylinder in the water bath, or constant-tenperature
room set for ohe of the two tenperatures to be used. Wen the
tenperature of the |iquid beconmes constant, insert the hydroneter,
and, after a short interval to pernmt the hydrometer to cone to the
tenperature of the liquid, read the hydroneter at the top of the
meni scus forned on the stem For hydroneter 151H the conposite
correction is the difference between this reading and one; for
hydrometer 152H it is the difference between the reading and zero.
Bring the liquid and the hydroneter to the other tenperature to be
used, and secure the conposite correction as before.

The Contractor must submit the conposite correction analysis data,
along with the raw data fromthe hydroneter analyses, with the sanple
dat a package.

Hygr oscopi ¢ Mi sture Deternination

VWen the sanple is weighed for the hydroneter test, weigh an auxiliary
portion of between 10 to 15 g sanple into a prewei ghed porcel ain
evaporating dish. Record the sanple weight to the nearest 0.01 g. Dry the
sanple to constant mass in an oven at 110 * 5°C (230 +* 9°F) for a m ni num
of 4 hours, cool in a desiccator, and reweigh (refer to Section 5.1.5.1).
Al'l sanple weights nust be recorded in a bound | ogbook and a copy of this

i nfornmati on nust be subnitted with the sanple data package.
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5.3.3 Soil Specific Gravity Determ nation

Use the following nmethod to determine the specific gravity of the soil used
in the hydroneter test.

5.3.3.1 Weigh a clean dry 25 mL pycnonmeter to the nearest 0.01 g. Fill the
pycnonmeter with distilled or deionized water, insert the thernoneter,
and dry off the outside of the flask. Adjust the tenperature of the
Pycnoneter to 20°C and tip-off any excess water that exits the side
ube. Recap the side tube and reweigh the pycnoneter to the nearest
0.01 g. Deternmine the total volume, in mlliliters, of water that is
contarned in the pycnoneter at 20°C using Equation 2.

EQ 2

Pycnometer Volume (mL) =

ol=

Wher e,

W= Weight of water in filled 8ycnoneter (9)
D = Density of water at 20°C (0.9982 g/nlL)

5.3.3.2 Place 10 to 15 g of oven-dried sanple into a pre-weighed Pycnonﬁter of
known vol ume (Section 5.3.3.1) and deternine the weight of the sanple to
the nearest 0.01 g. Fill the rena|n|nﬁ vol ume of the pycnoneter with
dei oni zed or distilled water, insert the thernometer and dr§ t he outside
of the flask. Adjust the tenperature of the pycnoneter to 20°C and tip-
off any excess water that exits the side tube.” Recap the side tube and
rewei gh the pycnoneter to the nearest 0.01 g to determ ne the weight of
wat er added. "Fromthis, determ ne the volunme of the water added to the
p¥cnonetey by di vidi ng the weight of water added by the density of water
at 20°C (i.e., 0.9982 ¢g/n).

5.3.3.3 Determ ne the volunme, in mlliliters, that the sanple occupies in the
Pycnoneter by subtracting the volune of water added (Section 5.3.3.2)
romthe total volunme of the pycnoneter (determined in Section 5.3.3.1).
Fromthis, deternmine the equival ent nass of water that this vol une
represents by multiplying the volume occupied by the soil (nL) by the
density of water at 20°C (0.9982 g/nL).
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5.3.5.1

5.3.5.2

Section |V

Cal cul ate the specific %ravity of the sanple by dividing the nmass of the
sanpl e by the mass of the equal volune of water that the sanple occupies
(determned in Section 5.3.3.3). The specific gravity of the sanple,
including all raw data fromthe determ nation, nust be recorded in a
bound | ogbook and a copy of this information nmust be submitted with the
sanpl e data package

Di spersion of Soil Sanple

Wi gh out a portion of air-dried sanple, fromthat passing the No. 10
sieve, for the hydroneter analysis. Wen the soil 1s nostly of the clay
and silt sizes, weigh out a sanple of air-dry soil of approximtely 50
g. Wen the soil is nostly sand the sanple should be approxi mately 100

d.

Place the sanple in the 250 nL beaker and cover with 125 nL of sodi um
hexamet aphosphate solution (40 g/L). Stir until the soil is thoroughly
wetted. Allow to soak for at |east 16 hours.

At the end of the soaking period, disperse the sagple further, using

either stirring apparatus described in Section 3.

I f the mechanical stirring apparatus (Section 3.2.1) is used,

ransfer the soil/water slurry fromthe beaker into the special
spersion cup shown in Figure 2, washing any residue fromthe beaker

to the cup with distilled or deionized water. Add distilled or

i oni zed water, if necessary, so that the cup is nore than half

I Stir for a period of 1 m nute.

the air dispersion stirring apparatus (3.2.2) is used, renove the
ver/cap and connect the cup to a conpressed air supply bK nmeans of
rubber hose. An air gauge nust be on the |ine between the cup and
the control valve. Open the control valve so that the gauge

dicates 1 psi (7 kPa) pressure, Transfer the soil/water slurry
romthe beaker to the alir-jet dispersion cup by washing with )
stilled or deionized water. Add distilled or deionized water, if
cessary, so that the total volunme in the cup is 250 nL, but no
nore. (The initial air pressure of 1 psi is required to prevent the
soil/water mxture fromentering the air-jet chanmber when the nixture
is transferred to the dispersion cup.)

SQhT T 0O —

Pl ace the cover/cap on the cup and open the air control valve until
t he gauge gressure is 20 psi (140 kPa). Disperse the soil for 15
m nutes. oi | s containing |arge percentages of mica need be

di spersed for only 1 mnute.

After the dispersion period, reduce the gauge pressure to 1 psi
prﬁpaaatory to transfer of soil/water slurry to the sedinmentation
cyl i nder.

Hydr onet er Test

I mredi ately after dispersion, transfer the soil/water slurry to the
gl ass sedimentation cylinder, and add distilled or deionized water
the total volune is 1000 mi.

unti |

Usi ng the pal mof the hand over the oPen end of the cylinder (or rubber
stopper in the open end), turn the cylinder upside down and back for a
period if 1 minute to conplete the agitation of the slurry.
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The nunber of turns dpring this minute should be approxinate!Y 60,
counting the turn upside down and back as two turns. Any so
remaining in the bottomof the cylinder during the first few turns
shoul d be [ oosened by vigorous shaking of the cylinder while it is in
the inverted position

At the end of 1 minute, set the cylinder in a convenient |ocation and
take hydroneter readings at the following intervals of tine (neasured
fromthe beglnnlng of sedinentation): 2, 5, 15, 30, 60, 240, and 1440
mnutes. |IT the controlled water bath Is used, the sedinentation
cylhnder shoul d be placed in the bath between the 2 and 5 minute

readi ngs.

Wien it is desired to take a hydroneter reading, carefully insert the
hydrometer, about 20 to 25 seconds before the reading is due, to

approxi mately the depth it will have when the reading is taken. As soon
as the reading is taken, carefully renove the hydroneter and place it
with a spinning notion in a sedinmentation cylinder containing clean
distilled or deionized water

It is inportant to renove the hydroneter inmediately after each

readi ng. Readings shall be taken at the top of the meniscus fornmed
by the suspension around the stem since it is not possible to secure
readi ngs at the bottom of the neniscus.

Clean the hydroneter between readings with a clean soft cloth. |If an
oily residue appears on the hydroneter, the hydrometer nust be
cleaned with a soft cloth wet wi th nethanol or isopropanol and then
rinsed with distilled or deionized water.

After each reading, record the tine that the reading was taken and the
tenperature of the suspension (to the nearest 1°C) by inserting the
t hermoneter into the suspension

Determ ne the corrected hydronmeter reading by subtracting the conposite
correction factor, for the tenperature at which the reading was taken
gﬁectlon 5.3.1), fromthe actual recorded reading (Section 5.3.5.4).

|| hydroneter readings and corrected hydroneter readings, including the
tinme and tenperature at which they were taken, nmust be recorded in a
bound | ogbook and a copy of this information nust be submitted with the
sanpl e data package

Si eve Anal ysis on Portion Passing the No. 10 (2.00 nm Sieve

After taking the final hydroneter reading, quantitatively transfer the
contents of the sedinmentation cylinder to a No. 200 (75 un} si eve and wash
the sanple with tap water until the wash water is clear. ransfer the
material on the No. 200 sieve to a suitable container and dry to constant
wei ght in an oven at 110 * 5°C (230 = 9°F) (refer to Section 5.1.5.1 for
constant wei ght determination). Performa sieve analysis of the portion
retained using the No. 20 (850 un), No. 40 (425 um, . 70 (212 Bn), No.
140 (106 pm, and No. 200 (75 pm) sieves. ddi t1 onal sieves may be
requested by the EPA depending on the sanple or upon the specifications for
the material under test.

Conduct the sieving operation using the nmechanical sieve shaker. In no
case turn or mani pul ate fragnments in the sanple through the sieve by
hand. Continue sieving until not nore than 1 mass % of the residue on a
si eve passes that sieve during 1 minute of sieving.
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Determ ne the mass of each fraction on a bal ance conforming to the
requirenents of Section 3.1. At the end of me|gh|nP, the sum of the
nasses retained on all the sieves used nust equal closely the origina
mass of the quantity sieved.

Cal cul ate the percent recovery of sanple after sieving by dividing the
sumtotal of the individual sieve fractions by the or|P|naI mass_ of
oven-dried sanple retained on the No. 200 sieve and multiplying by 100.
The percent recovery nust be between 99-100% inclusive, to contihue the
analysis. If the percent recovery is outside this control limt, then

t he anal ysis nust be stopped, the problemcorrected, and a fresh aliquot
of air-dried sanple that passes the No. 10 sieve nust be reanal yzed
g§|eve anal ysis only, Section 5.3.6), at no additional cost to the

gency.

I f sanple analyses are reported with a non-conpliant seiving recovery,
then the contractor nmay receive a commensurate reduction in sanple price
dependi ng upon the inpact of the non-conpliance on data usability.

Cal cul ati ons
Si eve Anal ysis Values for the Portion Coarser than the No. 10 (2.00) Sieve

Cal cul ate the percentage passing the No. 10 sieve by dividinﬁ t he mass
passing the No. 10 by the mass of soil orlglnaIIY split on the No. 10
sieve, and nultiplying the result by 100. To obtain the nmass passing the
No. 10 sieve, subtract the nass retained on the No. 10 sieve fromthe
ori gi nal nass.

To obtain the total nass of soil passing the No. 4 (4.75 nmm) sieve, add to
the mass of the material passing the No. 10 sieve the mass of the fraction
passing the No. 4 sieve and retained on the No. 10 sieve. To obtain the
total nmass of soil passing the 3/8 in. (9.5 M) sieve, add to the total
mass of soil passing the No. 4 sieve, the mass of the fraction passing the
3/8 in. sieve and retained on the No. 4 sieve. For the renunining sieves,
continue the calculations in the same nmanner

To determine the total percentage passing for each sieve, divide the tota
2%88 passing (6.1.2) by the total nmass of sanple and multiply the result by
Hygr oscopi ¢ Mi sture Correction Factor

Cal cul ate the hygroscopi c noisture correction factor using Equation 2.

EQ 3

Hygroscopic Moisture _ Oven-dried Mass ( Q)
Correction Factor  "Ajr-dried Mass (g)

Percentages of Soil in Suspension

Cal cul ate the oven-dry mass of soil used in the hydroneter analysis by
nultlplﬁlng the air-dry nmass used in the hydroneter test (Section 5.3.4.1)
by the hygroscopi c noisture correction factor (6.2).

Cal cul ate the nmass of a total sanple represented by the mass of soil used

in the hydroneter test, by dividing the oyen-dr% mass used (6.3:1? by the

per cent age 8aSS|n ~the No. 10 (2.00 r sieve (6.1.1), and multiplying the
result by 100. This value is the weight Win the equation for percentage

remai ning i n suspensi on

The percentage of soil remmining in suspension at the [evel at which the
PyF{oneter is measuring the density of the suspension may be cal cul ated as
ol | ows:

EQ 4 - For hydroneter 151H

100, 000 G

P -
W (G -0)

)(RGQ
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Note: The bracketed portion of Equation 4 for hydroneter 151H is constant
for a series of readings and nmay be calculated first and then nultiplied by
the portion in the parentheses.

EQ 5 - For Hydroneter 152H
Ra
P=_— x100
W X
\Wer e,
a = Correction factor to be applied to the reading of hydroneter 152H

Val ues shown on the scale are conputed using a specific gravity of
.65. Correction factors are given in Table 1),

P = Percentage of soil renmining in suspension at the level at which the
hydroneter nmeasures the density of the suspension

R = gygrgngger readi ng with conposite correction applied (Section

W = oven-dry nmass of soil in a total test sanple represented by mass of
soi | dispersed (see 6.3.2), ¢

G = Specific gravity of soil particles (determned in Section 5.3.3), and

G = Specific gravity of the liquid in which soil particles are suspended.
Use nunerical value of one (1? in both instances in the equation. In
the first instance any possible variation produces no significant

effect, and in the second instance, the conposite correction for Ris
based on a val ue of one for
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Table 1

Val ues of Correction Factor, a, for Different
Specific Gravities of Soil Particles

Specific Gavity Correction Factor”
2.95 0.94
2.90 0.95
2.85 0. 96
2.80 0.97
2.75 0.98
2.70 0.99
2.65 1.00
2.60 1.01
2.55 1.02
2.50 1.03
2.45 1.05

* For use in equation for percentage of soil remaining in suspension when
usi ng hydrometer 152H.

6.4 D aneter of Soil Particles

6.4.1 The di ameter of a particle correspondi nP to the percentage indicated by a
gi ven hydroneter readi nP shal | be cal culated according to Stokes' Law, on
the basis that a particle of this dianeter was at the surface of the
suspensi on at the beginning of sedinmentation and had settled to the |evel
at which the hydroneter is neasuring the density of the suspension.
According to Stokes' |aw

EQ 6
30n L
D =,||===(GC-G)|X =
\J 980( ) T

Wher e,

D = D aneter of particles, mm ) ) ) )

n = Coefficient of viscosity of the suspending nmedium (in this case
water) in poises (varies with changes in tenperature of the
suspendi n]g medi um) , ) )

L = Distance fromthe surface of the suspension to the |level at which the
density of the suspension is being neasured, cm (For a given
hydrormet er and sedi nmentation cylinder, val ues var¥ according to the
hydroneter readings. This distance is known as effective depth

able 2)), o ) ) )

T = Interval of time from beginning of sedinentation to the taking of the
readi ng, mnutes, ) )

81 = Specific gravity of soil particles, and

Specific gravit rel ati ve densit of suspendi ng nedi um (val ue ma
bg used ag 1. OO% gor all practi ca?/) purposer)). 9 ( Y
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6.4.1.1 Since Stokes' |aw considers the termnal velocity of a single sphere
falling in an infinity of liquid, the sizes calculated represent the
di ameter of spheres that would fall at the sanme rate as the soi

particles.
6.4.2 For convenience in calculations the above equation my be witten as
fol | ows:
EQ 4
L
D =K,l=
T
\Wer e,
K = Constant depending on the tenperature of the suspension and the

specific gravity of the soil particles. Values of K for a range of
tenﬂeratures and specific gravities are given in Table 3. The value
of K does not change for a series of readings constituting a test,
while values of L and T do vary.
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Table 2

Val ues of Effective Depth Based on Hydroneter and
Sedi nent ati on Cylinder of Specified Sizes™

Hydr oneter 151H Hydr oneter 152H
Act ual Eff ective Act ual Eff ective Act ual Eff ective
Hydr onet er Dept h Hydr onet er Dept h Hydr onet er Dept h
Readi ng L, cm Readi ng L, cm Readi ng L, cm

1. 000 16.3 0 16. 3 31 11.2
1.001 16.0 1 16.1 32 11.1
1. 002 15.8 2 16.0 33 10.9
1. 003 15.5 3 15.8 34 10.7
1. 004 15.2 4 15.6 35 10.6
1. 005 15.0 5 15.5 36 10. 4
1. 006 14.7 6 15.3 37 10.2
1. 007 14. 4 7 15.2 38 10.1
1. 008 14.2 8 15.0 39 9.9
1. 009 13.9 9 14.8 40 9.7
1.010 13.7 10 14.7 41 9.6
1.011 13.4 11 14.5 42 9.4
1.012 13.1 12 14.3 43 9.2
1.013 12.9 13 14. 2 44 9.1
1.014 12.6 14 14.0 45 8.9
1.015 12.3 15 13.8 46 8.8
1.016 12.1 16 13.7 a7 8.6
1.017 11.8 17 13.5 48 8.4
1.018 11.5 18 13.3 49 8.3
1.019 11.3 19 13.2 50 8.1
1. 020 11.0 20 13.0 51 7.9
1.021 10.7 21 12.9 52 7.8
1. 022 10.5 22 12.7 53 7.6
1.023 10. 2 23 12.5 54 7.4
1.024 10.0 24 12.4 55 7.3
1.025 9.7 25 12.2 56 7.1
1.026 9.4 26 12.0 57 7.0
1.027 9.2 27 11.9 58 6.8
1.028 8.9 28 11.7 59 6.6
1.029 8.6 29 11.5 60 6.5
1. 030 8.4 30 11. 4

1.031 8.1

1.032 7.8

1. 033 7.6

1.034 7.3

1. 035 7.0

1. 036 6.8

1. 037 6.5

1.038 6.2

** Values of effective depth are cal cul ated from Equati on 5:
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EQ 5
V
L, - TB
L=1L, + 5
Wer e,
L = Effective depth, cm
L, = Distance along the stemof the hydroneter fromthe top of the bulb to the mark
for a hydroneter reading, cm
L, = Overall length of the hydroneter bulb, cm
Ve = Volunme of hydroneter bulb, cnf, and )
A = COross-sectional area of sedinentation cylinder, cn?

Val ues used in calculating the values in Table 2 are as foll ows:
For bc1>t4h hydroneters, 151H and 152H:

L, = .0 cm
Vo = 67.0 o
A = 27.8 cn?

For hydroneter 151H )
L, = 10.5 cmfor a reading of 1.000
2.3 cmfor a reading of 1.031

For hydroneter 152H )
L, = 10.5 cmfor a reading of 0 g/L
2.3 cmfor a reading of 50 g/L
Table 3

Val ues of K for Use in Equation for Conputing
D ameter of Particle in Hydrometer Analysis

Tenper at ur e Specific Gavity of Soil Particles

°C 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85

16 0.01510 0.01505 0.01481 0.01457 0.01435 0.01414 0.01394 0.01374 0.01356
17 0.01511 0.01486 0.01462 0.01439 0.01417 0.01396 0.01376 0.01356 0.01338
18 0.01492 0.01467 0.01443 0.01421 0.01399 0.01378 0.01359 0.01339 0.01321
19 0.01474 0.01449 0.01425 0.01403 0.01382 0.01361 0.01342 0.01323 0.01305
20 0.01456 0.01431 0.01408 0.01386 0.01365 0.01344 0.01325 0.01307 0.01289
21 0.01438 0.01414 0.01391 0.01369 0.01348 0.01328 0.01309 0.01291 0.01273
22 0.01421 0.01397 0.01374 0.01353 0.01332 0.01312 0.01294 0.01276 0.01258
23 0.01404 0.01381 0.01358 0.01337 0.01317 0.01297 0.01279 0.01261 0.01243
24 0.01388 0.01365 0.01342 0.01321 0.01301 0.01282 0.01264 0.01246 0.01229
25 0.01372 0.01349 0.01327 0.01306 0.01286 0.01267 0.01249 0.01232 0.01215
26 0.01357 0.01334 0.01312 0.01291 0.01272 0.01253 0.01235 0.01218 0.01201
27 0.01342 0.01319 0.01297 0.01277 0.01258 0.01239 0.01221 0.01204 0.01188
28 0.01327 0.01304 0.01283 0.01264 0.01244 0.01255 0.01208 0.01191 0.01175
29 0.01312 0.01290 0.01269 0.01249 0.01230 0.01212 0.01195 0.01178 0.01162
30 0.01298 0.01276 0.01256 0.01236 0.01217 0.01199 0.01182 0.01165 0.01149
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Si eve Anal ysis Values for Portion Finer than No. 10 (2.00 mm) Sieve

Cal cul ati on of percentages passing the various sieves used in sieving the
Pprtlon of the sanple fromthe hydroneter test involves several steps. The
irst step is to calculate the mass of the fraction that woul d have been
retained of the No. 10 sieve had it not been renoved. This mass is equal to
the total percentage retained on the No. 10 sieve (100 minus tota
percentage_PaSS|ng times the mass of the total sanple represented by the
mass of soil used (as calculated in 6.3.2), and the result divided by 100.

Cal cul ate next the total mass passing the No. 200 sieve. Add together the
fractional masses retained on all the sieves, including the No. 10 sieve
(determned in Section 6.5.1), and subtract this sumfromthe nmass of the
total sanple (as calculated 1n 6.3.2).

Cal cul ate next the total masses passing each of the other sieves, in a
manner simlar to that given in 6.1.2.

otal nass

Calcul ate | ast the total percentages Rassing by di vi di ng tPe E MBSS - ed
e (as calculate

passing (as calculated in 6.5.3) by the total nmass of sanp
In 6.3.2), and nultiply the result by 100.

Graph

A graph of the test results (see FORM | - PART 4B, in Exhibit B) shall be made
that 1ncludes both the sieve and hydroneter results. For the sieve results,
ot the dianeter of the particles (i.e. the sieve opening in mm on the
ogarithm c scale as the abscissa and the ﬁercentages passi ng corresponding to
that dianmeter on the arithnetic scale as the ordinate. For the hydroneter
results, plot each reading taken during the hydroneter test. Plot the
di aneter of the particles on a logarithnic scale as the abscissa (cal cul ated
in Section 6.4) and the percentage of soil remmining in suspension,
corresPondlng to that dianmeter, on the arithnetic scale as the ordinate
(calculated in Section 6.3.3). Draw a |line between plotted points to show the
nat ural progression between the dianeter of soil particles and the percentages
passi ng.

Refer to Exhibit B for additional Gain Size Determination reporting
requirenents.

Quality Control
Duplicate Sanple Analysis (D)

The duplicate sanple analysis provides information regarding the precision of
t he preparati on and anal ysis procedures.

Frequency

Dupl i cate sanpl e anal yses nust be perforned at the followi ng frequency,
whi chever is greater:

. 1 duplicate per 10 anal ytical sanples of simlar matrix,
. Each matrix within an SDG or

. EPA may require additional duplicate anal yses, upon Regiona
request, for which the Contractor wll be” paid.

Duplicate anal yses are required for both sieve and hydroneter anal yses.
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5
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D -

Exhi bi t -
Gain Size D

Part | -
Pr ocedur e

Fol | ow t he procedures specified in Section 5.0 for the preparati on and
anal ysis of the duplicate sanple.

Cal cul ati ons

Determ ne the sanple results as specified in Section 6.0 for both the
si eve and hydroneter anal yses.

Calculate the Relative Percent D fference (RPD) between each soi

fraction, reported on FORM | - PART 4A, in the original and duplicate
sanpl e usi ng Equation 3.
EQ 9
S-DJ
RPD = | x 100

(S+D)/2
Wer e,
RPD = Rel ative Percent Difference
S = Sanple result (original), %
D = Duplicate sanple result, %

Techni cal Acceptance Criteria

Dupl i cate sanpl es nust be Breﬁared and anal yzed at the frequency descri bed
in Section 7.1.1. Report both the original _and duplicate results on )
separate FORMs | - PARTs 4A and 4B, and on FORM VI - PART 2 as described in
Exhibit B. The RPD results on FORM VI - PART 2 nust neet a technica
acceptance criteria of < 20 %for all sieve and hydroneter fractions,
except for the sieve that retained the largest particle size. For this
sieve size there is no required RPD acceptance criteria. Exanple: [If no
particles were retained on the 3/4 in. sieve and the 3/8 in. sieve (located
directly bel ow |n.the.stack? was the first sieve to retain particles, the
RPD acceptance criteria would not apply to this sieve.

Corrective Action

Sanpl es that do not nmeet the technical acceptance criteria in Section 7.1.5
for duplicate anal yses shall be reanal yzed, once, at no additional cost to
the Agency. An original and duplicate of that sanple nust be reanal yzed.
Report both the original and duplicate results for both the origina

anal ysis and the re-analysis on FORMS | - PART 4B and FORM VI - PART 2 as
described in Exhibit B. "If an RPD result does not neet the acceptance
grltegla, flag the result with an "*" on FORM 1| - PART 4B and F VI -

Duplicate sanples nust be prepared and anal yzed at the frequency specified
in Section 7.1.1. If duplicates are not prepared and anaIKzed at this
frequency, the contractor shall reprepare and reanal yzed the duplicate
sanﬁle at no additional cost to the Agency. Reanalyses nust be perforned
mntt|n_contract requi red holding tinmes and nust neet all sanpl e acceptance
criteria.

Sanpl e results reported wi thout duplicate anal yses shall receive a

commensur ate reduction in sanple price dependi hg upon the inpact of the
non- conpl i ance on data usability.
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